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Abstract 
Tennessee Valley surface water is important for economic and population growth in the 
southeastern United States.  By expanding streamflow records, water planners and managers can 
make decisions based on hydrologic events not appearing in current instrumental records.  In the 
following research, monthly flow data from six USGS streamflow gages on the Clinch, Emory, 
Holston, and Nolichucky Rivers were used to create seasonal and annual streamflow seasons.  
Approximately 70 tree-ring chronologies across the Southeast U.S. were prescreened by length 
and correlation analysis against 38 streamflow seasons and revealed that the May-June-July 
(MJJ) streamflow period displays the best tree-ring climate signal.  The screened chronologies 
were then entered into stepwise linear regression, and R2 values for the six models range from 
0.36 to 0.52.  The Reconstruction models Variance Inflation Factor ranges indicated estimation 
errors due to multicollinearity of the streamflow and tree-ring chronology datasets were minimal.  
The Durbin-Watson statistics indicated the model residuals are not autocorrelated, except for the 
Nolichucky River streamflow model, which may possess serial correlation.  The positive values 
of the RE parameter indicated each of the models has statistical skill, and the RMSE parameter 
provided error ranges equal to 18 to 44% of the average observed instrumental flows.  Based on 
the results, three gages, the Nolichucky, NF Holston, and SF Holston, were deemed acceptable.  
These models represent the first statistically skillful streamflow reconstructions in the Tennessee 
Valley.  The reconstructions range from 209 to 295 years in length ending in 1980 and extending 
as far back as 1686.  Examination of the reconstructions showed extreme drought conditions in 
the 1770s. The wettest periods occurred from the 1970s to the mid-2000s.  Other severe drought 
events occurred in the 1700s, the 1840s, and the early 1910s proving current records do not 
provide full accounts of Tennessee Valley streamflow variability.  
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 1 
Introduction 
The Tennessee Valley and much of the Southeast U.S. has always been known for its abundant 
supply of natural waters.  However, drought conditions in recent years have brought increased 
attention to the fact that little long-term information about the region’s hydrologic history exists.  
The availability of long-term hydrological variability is essential for effective management of 
surface water resources (Case and MacDonald 2003).  One technique for obtaining an extended 
record of climate is utilizing tree-ring chronologies to create hydrologic reconstructions.   
Water planners and scientists are able to use tree rings to reconstruct historical 
streamflow, precipitation, and snowpack because certain tree species have the ability to respond 
to environmental stresses, and through crossdating provide yearly dates to their occurrences.  
Tree-ring chronologies are useful in reconstructions because the widths of annual tree rings 
respond to hydrologic “forcing” – limiting environmental conditions such as near-surface 
temperature, evapotranspiration, or precipitation (Carson and Munroe, 2005).  Responses create 
a record of hydrologic phenomena over timescales often significantly longer than the modern 
instrumental period (Carson and Munroe, 2005).   
Tree-ring chronology-based reconstructions have seen use in the study of many different 
environments including semiarid, subalpine, and subarctic regions (Blasing et al., 1988).  The 
relatively dry characteristics of the western U.S. and the prevalence of moisture-sensitive tree 
species provide explanation for the large number of high-quality reconstructions conducted for 
that region (Barnett et al., 2010).  Abundant water supplies in the Southeast U.S. place a lower 
priority on streamflow reconstructions explaining the low number of tree-ring chronology based-
reconstructions in the region.  
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Study Area 
The study area focuses on unimpaired streams of the Tennessee Valley that encompass six 
United States Geological Survey (USGS) streamflow gages.  The gages are located on four 
rivers; the Clinch, Emory, Holston, and Nolichucky.  These rivers feed into the Tennessee River, 
the largest tributary of the Ohio River, which in turn is the largest tributary of the Mississippi 
River.  The Tennessee River and its tributaries provide an important source to the hydroelectric 
and potable water supply of the Southeast U.S.  Because of this, severe drought events have the 
potential to disrupt not only population growth in the Southeast U.S. but also economic growth.  
This study is limited to streamflow gages in Tennessee and Virginia that are identified to 
be unimpaired (Figure 1 in Appendix B).  The Clinch River contains two gage stations, one in 
Virginia and one in Tennessee.  The Emory River near Oakdale and the Nolichucky River at 
Embreeville are both in Tennessee.  Both the North and South Forks of the Holston River are in 
Virginia.  The drainage basins of the six gages range in size from 572 (North Fork of the 
Holston) to 3,818 (Clinch River Tennessee) square kilometers.  The gages encompass an overall 
area of 10,619 square kilometers.  
Research Goals 
Using methods tested in the western, southern, and central U.S. as well as other parts of the 
world, six reconstruction models were generated.  The six reconstructions of May-June-July 
average streamflow for four rivers within the Tennessee Valley were created to show past wet 
and dry periods.  Furthermore, drought analysis methods were used to understand past 
hydrologic drought events, their severity, and their reoccurrences.  The study hypothesizes that 
current instrumental records do not provide accurate accounts of the streamflow variability for 
this  
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region due to their limited (short) period of record.  The research also attempts adding valuable 
streamflow reconstructions and drought analysis data to the hydrologic history of the Tennessee 
Valley. 
Existing Studies 
Streamflow reconstructions are growing in popularity as a means of studying hydrologic 
variability.  Stockton and Jacoby (1976) showed that the 1922 Colorado River Compact was 
based on instrumental data that recorded the wettest multidecadal period within the last 400 
years.  Barnett et al. (2010), Watson et al. (2009), and Woodhouse et al. (2006) recently 
published studies of tree-ring based reconstructions for the western United States that provide a 
framework for the reconstruction methods used in this research. 
 Barnett et al. (2010) reconstructed streamflow for the Upper Green River Basin for nine 
different gage stations and found that the 20th century contained unusual wetness with flows 
above average compared to those within the reconstruction. Watson et al. (2009) also showed a 
statistically wet 20th century when comparing instrumental records to reconstructed values as far 
back as 1672. The application of streamflow reconstruction research is perhaps best displayed by 
a western U.S. streamflow study that used 14 different reconstructions for the Upper Colorado 
and South Platte River basins in Colorado that are currently being used by water managers to 
assess water supply reliability over a longer period than that provided by gage records 
(Woodhouse et al., 2006). 
The number of reconstruction studies in the western U.S. far outnumbers those for the 
eastern United States.  However, several reconstruction studies have been conducted for other 
regions in the U.S. that demonstrate that other parts of the country have the potential for 
streamflow reconstruction.  Duvick and Blasing (1981) created a 300-year precipitation 
reconstruction for Iowa and found white oak (Quercus alba) to be a strong indicator of 
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precipitation.  Blasing et al. (1988) found through white oak (Quercus alba) and post oak 
(Quercus stellata) chronologies that south-central U.S. precipitation varied across a 231-year 
reconstruction in roughly 15–25 year intervals.  The study also found drought events that were 
more severe than any found in the available instrumental record. Cleaveland (2000) performed a 
963-year summer streamflow reconstruction of June-July-August average streamflow for the 
White River in Arkansas.  He found that the 20th century illustrates more variance in extreme 
low- and high-flow events compared to earlier centuries.  Cleaveland (2000) added that upland 
clearing for agriculture and logging of bottomland forests may be responsible for the change in 
the hydrologic regime during the 20th century. 
The minimal number of reconstructions for the eastern U.S., especially the southeastern 
U.S. can be explained by a number of factors.  Tennessee Valley Authority (TVA) dam 
construction has limited the number of undisturbed streams in the region.  The region’s natural 
topography divides the area into many smaller catch basins and obstructs rainfall pathways 
within watersheds.  The effects of the topography may explain why tree-ring chronology 
proximity to a streamflow gage is not always indicative of a statistically strong streamflow-tree 
growth relationship.  In addition, the Southeast U.S. receives more precipitation than most parts 
of the country, especially when compared to the western U.S., providing less motivation for 
water quantity studies.  Furthermore, the lack of streamflow gage and tree-ring datasets spanning 
cooperative lengths contributes to the difficulty of obtaining long calibration windows.   
Despite the Southeast U.S. region’s lack of tree-ring based reconstructions, a limited 
number of reconstructions have been performed for this region.  Blasing et al. (1981) found that 
tree-rings were a good predictor of May-June precipitation for East Tennessee.  Phipps (1983) 
reconstructed Occoquan River monthly summer streamflow in Virginia, finding June streamflow 
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to be the strongest predictand.  Knight (2004) reconstructed Georgia’s Flint River streamflow for 
the May-October season over the period from 1700 to 1985.  Knight (2004) also noted that the 
drought year of 2000 was not anomalous and that there is an increasing trend in drought 
frequency over the period from 1700 to 2001.  In another eastern U.S. study, Cook and Jacoby 
(1983) created a 248-year late summer (July-August-September) streamflow reconstruction for 
the Upper Potomac River Basin.  They discovered an approximate 15.7-year periodicity in the 
streamflow data.  Previous reconstruction studies for the area prove that trees in the Southeast 
U.S. do contain moisture signals that indicate the potential for successful reconstructions in other 
parts of the region.  Although numerous barriers exist against southeastern U.S. tree-ring based 
reconstructions, models have been constructed for the region with considerable skill as indicated 
by Phipps (1983), Knight (2004), and Cook and Jacoby (1983). 
Data 
A streamflow reconstruction requires two datasets.  The first dataset includes the hydrologic 
parameter of interest (e.g. monthly streamflow).  The second dataset includes annual tree-ring 
chronologies.  The data are available from established databases, and it is assumed all data were 
collected and developed according to established methods. 
USGS Streamflow Data 
Streamflow data were obtained from the USGS website via the National Water Information 
System (NWIS, 2009) (http://waterdata.usgs.gov/nwis/sw). Daily, monthly, annual, and realtime 
flow data are available.  The gage’s monthly streamflow records ranged in length from 77 to 89 
years with the earliest continuous data observed in 1919 for the Clinch River Tennessee gage 
(Table 1 in Appendix A).  The South Fork of the Holston River gage was the shortest gage 
record with data collection beginning in 1931. 
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For this research, monthly averages, given in cubic feet per second (cfs), were selected.  
Data were then converted to million cubic meters (MCM) per month using conversion factors.   
The unit conversion accounts for leap years and the days in each month instead of a 30-day 
convention in an effort to attain the most accurate instrumental records.  The monthly flows are 
then summed in three, four, and six-month intervals as well as annual and water year periods.  
Processing the streamflow data provided 38 streamflow seasons for use in detecting the proper 
flow season to reconstruct.  
Tree-Ring Data 
Tree-ring data were obtained from the International Tree-Ring Data Bank (ITRDB, 2009) 
(http://www.ncdc.noaa.gov/paleo/treering.html).  The National Oceanic and Atmospheric 
Administration’s Paleoclimatology Program and the World Data Center for Paleoclimatology 
maintain these datasets.  Data available from the website include ring width measurements, 
density measurements, site chronologies, and species listing. 
Because the number of existing reconstruction studies for the Southeast U.S. is small, a 
large number of tree-ring chronology datasets were gathered in and around the Tennessee Valley 
(Table 2). Initially, 69 chronologies were collected as potential predictors of regional 
streamflow. Chronologies were obtained for the following states: Indiana, Ohio, West Virginia, 
Virginia, Kentucky, Tennessee, North Carolina, South Carolina, Mississippi, Alabama, Georgia, 
and Florida (Figure 1). 
All ring-width series were standardized using the ARSTAN program (Cook, 1985).  The 
use of the ARSTAN program removes low-order autocorrelation in the chronologies that may, in 
part, be attributed to biological factors (Fritts, 1976).  The resulting residual chronologies were 
then used for the analysis.  One limiting factor of data collection was the length of the available  
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tree-ring chronologies in that most tree-ring width records ended in the 1980s.  This severely 
limits the length of the calibration windows and represents a need for future tree-ring sampling 
of existing chronologies or the creation of new chronologies. 
Methodology 
Prescreening Methods 
Tree-ring chronologies were screened based primarily on length of record rather than proximity 
or tree species due to uncertainty in which species would contain a moisture signal and from 
which distance such a signal would be detectable.  The prescreening process used a rigorous 
correlation process.  The 38 seasonal combinations for each gage were correlated across gage 
specific windows with each of the 69 tree-ring chronologies.  Variables with statisitically 
significant correlations (P < 0.05) were kept as inputs for the stepwise predictor pool, similar to 
Woodhouse et al. (2006).  Stability of the tree-ring chronologies and their correlation with 
streamflow were checked using DendroClim 2002 (Biondi and Waikul 2004).  May and June 
streamflow were found to be the most significant.  July streamflow also has considerable 
correlation significance although less prevalent than the May and June streamflow signals.  
Regression Modeling 
The stepwise linear regression approach was selected because of its wide acceptance in water 
resources (Barnett et al., 2010).  Stepwise linear regression is used to construct models for each 
of the gage stations using gage specific predictor pools based on tree-ring chronologies passing 
the prescreening process (Fritts, 1976; Woodhouse et al., 2006: Yuan et al., 2007).  The stepwise 
linear regression method involves several steps. 
Predictors are entered into a regression model and retained for a desired threshold alpha 
value (0.05).  The predictor chronology with the highest statistical significance is kept as the first 
dependant variable for the model.  Additional predictors are then entered into the model in an 
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attempt to increase the model’s statistical skill.  If new predictors increase the model’s skill, they 
are retained.  Predictors not improving the model are rejected.  If the introduction of a new 
predictor lowers the alpha value of a previously retained predictor below the rejection threshold 
alpha value (0.10), the previously retained predictor is then removed from the model and the new 
predictor is retained.  The stepwise linear regression process continues “stepping” through the 
predictor pool until predictors are no longer entered or rejected into the model.  
Statistical Validation 
Upon creation of the regression models, each model’s strength and fit was measured by a number 
of statistical measures, including R2, R2 adjusted (ADJ), R2 predicted (PRED), and the prediction 
sum of squares test (PRESS) (Weisberg, 1980; Watson et al., 2009).  R2 measured the amount of 
variance in streamflow explained by the reconstruction models.  R2 (ADJ) quantified the 
explanatory power of the regression and accounts for lost degrees of freedom (Axelson, 2009; 
Fritts, 1976).  The R2 predicted parameter measured the predictive skill of the model by omitting 
observations from the models and using the model to predict the missing value. The PRESS 
statistic measured crossvalidation and internal validity.  Smaller PRESS values indicated that the 
model is not overly sensitive to single data points.  The variance inflation factor (VIF) was used 
to check the multicollinearity of the predictors (Haan, 2002) while autocorrelation of the 
residuals was examined by the Durbin-Watson statistic (D-W STAT) (Draper and Smith, 1998; 
Watson et al., 2009) (Table 3).  
The reduction of error statistic (RE) and the root mean squared error (RMSE) were used 
to evaluate the estimation potential of the regression models.  RE measured the strength of the 
calibration in a way similar to R2.  Fritts et al. (1979) stated that RE is a rigorous verification 
statistic and a positive value is usually regarded as proof that the reconstruction contained some 
useful information not contained in the calibration period (Cleaveland, 2000; Cook and Jacoby, 
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1983).  The RMSE measured the average size of the estimate error for the validation series in 
gage data units, and is comparable to the standard error of the estimate (Woodhouse and Lukas, 
2006). 
Drought Analysis 
Single year severe drought events was assessed and compared by taking the lowest flow years 
for each gage.  Additionally, basic statistic parameters between the instrumental, the calibration 
period, and the full reconstruction period were assessed to determine the reconstruction model’s 
ability to capture streamflow variability.  Once the models were statistically validated, 
streamflow reconstructions created for the full length of the reconstruction periods were 
smoothed using 10 and 20-year leading average filters.  The filters better illustrated long-term 
high- and low-flow periods throughout the length of the reconstructions. 
In methods similar to Woodhouse (2001), leading year, three-year and five-year averages 
were determined to show the long-term nature of severe drought events.  Upper tenth percentile 
droughts for the six gages during the streamflow reconstruction record were ranked and plotted 
in order to reveal the grouping of severe droughts.  Using this method, periods of severe drought 
can be visually assessed. 
Results 
The results are divided into several sections.  First, the results of the prescreening analysis are 
reviewed.  Second, gage specific results of the statistical parameters are explained and the 
statistical validity of each model is ascertained.  An R2 value of 0.40 or greater is considered the 
primary benchmark for statistically skillful streamflow reconstructions. The models with the 
highest statistical skill possess different flow magnitudes indicating statistically successful 
reconstruction model creation is not dependent on flow volume.  Third, information concerning 
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the retained tree-ring chronologies is provided.  Finally, the model calibrations for each gage are 
discussed.  
Prescreening 
Correlation analysis revealed that May-June-July (MJJ) streamflow showed the strongest 
relationship with regional tree growth (Figure 2).  With the exception of the Emory River gage, 
the remaining streamflow gages showed the MJJ streamflow period to be the strongest indicator 
of tree growth.  The predictors for the seasons range in numbers from zero to 35.  Summer 
seasonal periods showed the highest number of predictors with only one season containing a 
winter month (February) showing up in the top ten highest predictor periods.  Further analysis 
showed that the month of June is in each of the top ten seasons.  July is in nine of the seasons, 
and May is in eight, further reinforcing the decision to use the MJJ season as the reconstruction 
season.  In the following sections, each gage will be discussed individually although an overview 
of the statistics for each streamflow reconstruction is located in Table 3.  The selection of the 
MJJ season is supported by Blasing et al (1981) and Phipps (1983), which both identify June 
hydrology as a strong predictand for Southeast U.S. tree-ring chronologies.  
Clinch River Tennessee 
Pre-screening of the Clinch River Tennessee MJJ streamflow season resulted in a predictor pool 
of 29 tree-ring chronologies deemed acceptable. The Clinch River Tennessee reconstruction 
model retains three of the 29 tree-ring chronologies to reconstruct MJJ streamflow for a period of 
229 years (1752–1980).  The Knob Job (eastern red cedar), Lynn Hollow I (chestnut 
oak), and Lilly Cornet Tract (white oak) chronologies were retained with an R2 of 0.40 
(Figure 3).  The R2 (PRED) value of 0.31 is below average when compared to the other gages.  
The PRESS statistic for the Clinch River Tennessee model is the highest of the six models with a 
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value of 1,116,808 MCM, but some of that magnitude is to be expected considering the Clinch 
River Tennessee also exhibited the highest average MJJ instrumental flow. 
The VIF statistic for the Clinch River TN gage is the second lowest for all six models 
(1.07) indicating the standard deviation of the model is minimally affected by multicollinearity 
of the data.  The D-W statistic for the Clinch River Tennessee streamflow reconstruction model 
(1.94) surpasses both the upper and lower bounds for the statistic indicating no autocorrelation 
between the predictors.  The RE value of 0.40 is also below average compared to other 
reconstructions.  The RMSE is of a magnitude approximately 37% of the average MJJ 
instrumental streamflow, which is a considerable amount of error.  Based on the lower R2 
(PRED) value, large PRESS number, and the large RMSE value, the Clinch River Tennessee 
streamflow reconstruction model is not considered a highly skilled model of historic MJJ 
streamflow (Table 4).  
Clinch River Virginia 
Pre-screening of the Clinch River Virginia streamflow gage resulted in 23 tree-ring chronologies 
with the MJJ season being the strongest predictand.  The Clinch River Virginia reconstruction 
model uses the same three tree-ring chronologies as the Clinch River Tennessee model to create 
a 229-year (1752–1980) streamflow reconstruction.  The Knob Job (eastern red cedar), Lynn 
Hollow I (chestnut oak), and Lilly Cornet Tract (white oak) chronologies were 
retained to model MJJ streamflow with a slightly lower value of R2 than for the Clinch 
River Tennessee model (Figure 4). The R2 for the Clinch River Virginia (0.36) is the lowest R2 
value for the six reconstruction models.  The low R2 (PRED) value of 0.27 implies that the 
model has the least predictive skill.  The PRESS statistic for the Clinch River Virginia model is 
154,592 MCM, and is considerably smaller than the Clinch River Tennessee model’s.  One 
 12 
explanation for the smaller PRESS statistic is that the average flow for the Clinch River Virginia 
gage is almost three times smaller than the Clinch River Tennessee average MJJ streamflow. 
The VIF statistic for the Clinch River Virginia gage is the lowest for all six models (1.06) 
showing that there is minimal multicollinearity in the data.  The D-W Statistic for the Clinch 
River Virginia streamflow reconstruction model (2.05) surpasses both the upper and lower 
bounds for the statistic indicating no autocorrelation between the predictors. The RE score of 
0.36 was also the lowest for the reconstructions, but the RMSE was slightly better than the 
Clinch River Tennessee statistic with a magnitude approximately 40% of the average MJJ 
instrumental streamflow.  The RMSE statistic implies the Clinch River Virginia streamflow 
reconstruction model has more predictive potential than the Clinch River Tennessee model, but 
errors one-third the size of the average MJJ instrumental flow are still not considerably skilled.  
The Clinch River Virginia streamflow model was the least statistically skillful model when 
gauged by R2 and R2 (PRED) values (Table 5). 
Emory River 
Pre-screening resulted in 20 tree-ring chronologies being identified as predictors for the April-
May-June (AMJ) season of the Emory River.  In an attempt to achieve results comparable across 
all gages, the Emory River’s MJJ signal was used for reconstructing Emory River streamflow. 
The Emory River MJJ streamflow model reconstructed streamflow from 1772–1980 (209-year 
record). 
The Emory River reconstruction model retained three tree-ring chronologies.  The 
Hampton Hills (white oak), Land between the Lakes (post oak), and Lassiter Swamp 
(baldcypress) chronologies reconstruct MJJ streamflow with an R2 of 0.42. (Figure 5).  
The R2 (PRED) score of 0.33 implies that the model has more predictive skill than the two 
Clinch River reconstruction models.  The PRESS statistic for the Emory River reconstruction 
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model (688,781 MCM) was higher than the Clinch River Virginia gage but lower than the Clinch 
River Tennessee gage coinciding with the different gages flow values.  
The VIF statistic for the Emory River gage is the third lowest for all six models 
indicating a standard deviation that is only 4% larger than normal due to multicollinearity within 
the data.  The D-W Statistic for the Emory River streamflow reconstruction model (2.07) 
surpassed both the upper and lower bounds for the statistic indicating no autocorrelation between 
the predictors.  The RE score of 0.42 was slightly under the average for the reconstructions, 
indicating that the model contains important information outside of the calibration window.  The 
RMSE was the highest error value with a magnitude approximately 60% of the average MJJ 
streamflow indicating the model has minimal predictive value.  Based on the higher R2 and R2 
(PRED) values, the Emory River reconstruction model is a more statistically skillful 
representation of MJJ streamflow compared to the two Clinch River reconstruction models 
(Table 6). 
Nolichucky River 
Pre-screening resulted in 33 tree-ring chronologies identified for the Nolichucky River’s MJJ 
streamflow season. The Nolichucky River reconstruction model retained four tree-ring 
chronologies to reconstruct streamflow for 295 years (1686–1980).  The Grandfather 
Mountain (red spruce), Knob Job (eastern red cedar), Lassiter Swamp (baldcypress), 
and Scotts Gap (tulip poplar) chronologies reconstruct MJJ streamflow with an R2 of 
0.52 (Figure 6).  The R2 of 0.52 is the highest value for any of the models.  The R2 (PRED) score 
of 0.43 implies that the model has the highest predictive skill of all the reconstruction models.   
As discussed previously, the magnitude of the Nolichucky’s streamflow reconstruction 
model’s PRESS statistic (244,757 MCM) proves considerable statistical skill when compared to 
other gage models of equal or more flow. The PRESS statistic for the Nolichucky River 
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reconstruction model is lower than expected considering that the Nolichucky River possesses an 
average flow almost 40% larger than the Emory River.  The PRESS statistic for the Nolichucky 
River is approximately one third the magnitude of the Emory River model’s implying that the 
Nolichucky River model is more accurate.  The weaker predictive skill of the Emory River 
streamflow model when compared to the Nolichucky River model is reinforced by the Emory 
River model’s higher PRESS statistic and lower R2 (PRED) value. 
The VIF statistic for the Nolichucky River gage is slightly higher than the previous gages 
(1.14) and indicates a standard deviation only 7% larger than normal due to multicollinearity.  
The D-W Statistic for the Nolichucky River streamflow reconstruction model (1.55) surpassed 
only the lower bound for the statistic suggesting there is a slight risk for positive autocorrelation. 
The RE score of 0.52 was the highest for all the reconstructions indicating the model possesses 
more information on data outside of the calibration period than the other models.  The RMSE is 
only 22% of the average MJJ instrumental streamflow exhibiting the least amount of error for 
any of the gages (Table 7). 
North Fork of the Holston River 
Pre-screening resulted in 35 tree-ring chronologies being indentified for the North Fork of the 
Holston River. The North Fork of the Holston River reconstruction model retained four tree-ring 
chronologies to reconstruct streamflow for 209 (1772–1980).  The Hampton Hills (white 
oak), Knob Job (eastern red cedar), Mount Rogers (eastern hemlock), and Scotts Gap 
(tulip poplar) chronologies reconstructed MJJ streamflow with an R2 of 0.50 (Figure 
7).  The R2 (PRED) score of 0.41 implied that the model has the second highest predictive skill 
of all the reconstruction models.  The low value of the PRESS statistic (20,392 MCM) for the NF 
Holston model showed considerable predictive skill.  The low flow volume of the NF Holston 
also contributes to the small size of the NF Holston’s PRESS statistic. 
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The VIF statistic (1.14) for the NF Holston River gage is equivalent to that of the 
Nolichucky River reconstruction and produces a standard deviation only 7% larger due to 
multicollinearity.  The D-W Statistic for the NF Holston River streamflow reconstruction model 
(2.22) surpassed both the upper and lower bounds for the statistic suggesting there is not a risk of 
positive autocorrelation. The RE score of 0.50 is the second highest for all the reconstructions 
implying the NF Holston River model provides considerable statistical skill.  The RMSE is 33% 
of the average MJJ instrumental streamflow, the third smallest error.  The NF Holston River  
streamflow reconstruction model is the second most statistically skillful model for predicting 
streamflow in this study although the reconstruction period is not as long as the other five gages 
(Table 8). 
South Fork of the Holston River 
Pre-screening identified 24 predictors for the South Fork of the Holston River MJJ streamflow 
season.  The skill of the model suggested that the number of predictors does not necessarily 
relate to the quality of the reconstruction model.  The South Fork of the Holston River 
reconstruction model retained three tree-ring chronologies to reconstruct streamflow for 295 
years. The Nolichucky River reconstruction model and the South Fork of the Holston River 
reconstruction models both present the longest reconstructions ranging from 1686–1980.  The 
Knob Job (eastern red cedar), Scotts Gap (tulip poplar), and Sipsey Wilderness (white 
oak) chronologies reconstruct MJJ streamflow with an R2 value of 0.48 (Figure 8).  The 
R2 (PRED) score of 0.39 implies that the model has the third highest predictive skill of all the 
reconstruction models and is considered close enough to 0.40 to provide valuable reconstruction 
results.  Considering the South Fork of the Holston River has the shortest calibration window of 
the gages, the predictive strength of this model is impressive.  Like the North Fork of the Holston 
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River, the South Fork of the Holston River model displays a low PRESS statistic value (30,056 
MCM), but also has the second lowest average flow.  
The VIF statistic for the South Fork of the Holston River gage was larger than the other 
reconstruction models (1.27) and produced a standard deviation 13% larger than normal due to 
multicol-linearity.  The D-W Statistic for the SF Holston River streamflow reconstruction model 
(2.35) surpassed both the upper and lower bounds for the statistic, suggesting there is not a risk 
of positive autocorrelation although the parameter nears but does not cross the range for potential 
negative autocorrelation. The RE score of 0.48 was the third highest for the reconstructions.  The 
RMSE is 26% of the average MJJ instrumental streamflow, the second best value obtained for 
this parameter.  The South Fork of the Holston River streamflow reconstruction model was the 
third most statistically skillful model for predicting streamflow based on R2 and R2 (PRED) 
values (Table 9). 
Tree-Ring Chronologies 
Ten different tree-ring chronologies were retained in the six reconstruction models.  The Knob 
Job is the most used chronology.  Every model except the Emory River streamflow 
reconstruction model retained the Knob Job (eastern red cedar) chronology.  Different models 
retained three different white oak chronologies.  The Hampton Hills and Lilley Cornett Tract 
chronologies are both white oak chronologies retained twice by streamflow models.  The two 
most common species for the streamflow reconstruction models were eastern red cedar and white 
oak.  These species are each used five times by different models.  The third most common specie 
for the reconstructions are the tulip poplars from the Scotts Gap chronology, and were used by 
three different models.  Baldcypress from the Lassiter Swamp chronology presented twice in the 
models.  Red spruce, post oak, and eastern hemlock species are each used once by different 
models (Table 10).  
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The identification of white oak (Quercus alba) and post oak (Quercus stellata) as 
predictor species agrees with Duvick and Blasing (1981), Phipps (1983), and Blasing et al. 
(1988).  The use of baldcypress chronologies to reconstruct Flint River streamflow in Georgia 
corroborates the presence of baldcypress species in both the Emory River and Nolichucky River 
streamflow models (Knight, 2004).   
Perhaps the most significant tree-based finding in this research is the discovery of eastern 
red cedar as the strongest predictor species in the obtained chronologies.  There was only one 
eastern red cedar chronology in the ITRDB for the Southeast U.S., but that single chronology 
appeared as a strong predictor in all but one of the streamflow stations.  Guyette 1981 cited 
eastern red cedar as a strong predictand of June streamflow in Missouri Rivers, and in research 
done in 1995 used fish and tree-ring chronologies, including eastern red cedar, as proxies for 
May temperature and July Precipitation in Missouri (Guyette and Rabeni 1995).  The prevalence 
of the eastern red cedars of the Knob Job chronology suggests eastern red cedar is an excellent 
species for use in southeastern streamflow reconstructions. 
Model Calibration 
The MJJ streamflow calibration models of both Clinch River gages and the Emory River gage 
illustrate weak relationships between MJJ streamflow and regional tree growth.  The low 
strength of the models makes flow inferences from the reconstruction models questionable.   
However, common drought periods were shared between the six models.  After validating the 
regression models and evaluating their strength statistically, calibration graphs were constructed 
to help visualize the model fits.  
Each calibration model provided statistically important information including flow 
variability between the models and a measure of the model fits to the instrumental data.  As 
mentioned earlier, the models for the Nolichucky, North Fork of the Holston, and South Fork of 
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the Holston Rivers possess stronger statistics.  Visibly tighter fits illustrate the higher skill of 
these models.  Visual inspection of the models revealed a trend in the calibrations.  Drought 
years and their magnitudes were predicted more accurately than wet years, which were generally 
underestimated.  
Underestimating wet years appears to be a common occurrence for tree-ring based 
reconstructions (Duvick and Blasing 1981 and Cook and Jacoby 1977).  Blasing et al. (1988) 
concluded that while drought years were often reconstructed accurately, precipitation during wet 
years was often underestimated, apparently because moisture is not limiting to growth of the 
subject trees during wet years.  Although Blasing et al. (1988) focused on precipitation 
reconstructions in the central U.S., the close relationship between precipitation and streamflow 
via runoff should solidify the connection between the three studies.   
The Clinch River calibration models underestimated wet periods in the mid- and late 
1920s, early and late 1950s, and the early and late 1970s.  The Emory River exhibited similar 
trends of underestimation in the 1920s and 1970s.  The Nolichucky River calibration model has 
higher skill with only one major discrepancy between instrumental and model flow centered 
around 1950.  The high value of RE and low RMSE value for the Nolichucky River streamflow 
model may explain the accuracy. The NF Holston and SF Holston model calibrations also 
contain the 1950 discrepancy, but have other dissimilarities. The NF Holston calibration model 
did not fully capture the wetness of the 1920s and the late 1950s.  The high flow in the late 1930s 
is not fully captured in the SF Holston calibration model (Figures 9–14). 
Discussion 
The R2 statistic is generally higher for western U.S. reconstructions, but the increased availability 
of water in the southeast U.S. may reduce moisture-related stresses on trees within the region.  
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All but one of the reconstruction models surpasses the R2 benchmark with values ranging from 
0.36 to 0.52.  Results of this study are similar to Phipps (1983) reconstruction of Occoquan River 
streamflow.  Phipps (1983) reconstructed monthly streamflow (April–August) with R2 values 
ranging from 0.39 (July) to 0.53 (June). 
Comparing basic statistics and extreme flow events for instrumental, calibration, and 
reconstruction periods provide insight into the flow history of the Tennessee Valley region.  
Results indicate that extremely low flow years do not occur during the observed records 
(calibration periods).  All of the reconstructions, except the Clinch River Virginia and South 
Fork of the Holston River, show the lowest flow years occurred in the 1770s.  The South Fork of 
the Holston River reconstruction’s lowest flow year is 1879, which is also the third lowest flow 
year for the Clinch River Virginia.  The Clinch River Virginia reconstruction shows its lowest 
flow year occurred in the 20th century (1911).  Furthermore, the year 1911 is in the second lowest 
flow years for four of the other reconstruction models (Table 11). 
Analyzing the three lowest flow years for each of the gages revealed a wet 18th century.  
Of the 18 low flow years, seven of them occurred in the 18th century.  Only three low flow years 
occurred in the 19th century.  Seven low flow years occurred in the 20th century, and one low 
flow year occurred in the 21st century (Table 11).   
Basic statistical analysis of the MJJ streamflow reconstruction models showed that with 
the exception of the Emory River reconstruction model, the long-term average flow remained 
stable over the full period of the reconstruction periods.  The lowest flow for the reconstruction 
period was never in the calibration window, verifying that the reconstruction models show 
drought flow variability not contained within the record.  The reconstruction model’s 
instrumental high flow was always larger than any found in the reconstruction record reinforcing 
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the model’s tendency to underestimate wet years.  Underestimation is also proven by a lower 
standard deviation for the reconstruction and calibration periods (Table 12–17). 
The reconstructed streamflow models illustrate several important points.  First, all six 
models show droughts of equal or greater severity than those shown in the instrumental records.  
Second, the instrumental gage data does not capture the full variability of streamflow for the 
region.  Third, two reconstructions show cyclic periods of streamflow variation.  The gages will 
be discussed individually as follows in terms of both reconstruction and drought severity. 
Clinch River Tennessee 
For the Clinch River Tennessee gage, the 1760s, the 1770s, the 1810s, the 1930s, and the 1960s 
were periods of extended drought for the 10-year filter.  The 1790s through 1810, the 1930s, and 
the 1940s were particularly wet according to the 10-year filter (Figure 15).  The 20-year filter for 
the streamflow reconstruction shows additional dry periods in the early 1820s, the 1950s, and the 
1970s (Figure 16). 
Visual analysis of the reconstruction figures was reinforced by the drought severity 
figures.  The three-year filter showed prolonged drought in the 1760s, the 1770s, and the middle 
of the 1960s (Figure 17).  Five-year drought analysis revealed an increase of drought clusterings 
in the periods previously mentioned (Figure 18). 
Clinch River Virginia 
The drought and wet patterns for the Clinch River Virginia gage were similar to the Clinch River 
Tennessee, which was expected because the flow passing through the Virginia gage enters into 
the Tenessee gage.  Examining the 10-year filter for the reconstruction period showed severe 
droughts of magnitudes well beyond instrumental values in the 1760s and 1770s.  Drought 
conditions also persisted in the early 1810s, the 1940s, and the 1960s.  Wet periods dominated 
the 1780s through 1805, the 1930s, and the 1980s.  The most recent years since 2003 also 
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showed pronounced wetness (Figure 19).  The 20-year filter also showed severe drought in the 
1770s.  There is also a 100-year period of relatively low variability from the 1830s to the start of 
the 1930s (Figure 20).  Drought analysis for the Clinch River Virginia gage showed extended 
drought events in the 1760s, the 1770s, and the 1960s (Figures 21 and 22). 
Emory River 
Examination of the 10-year filter for the Emory River reconstruction showed extreme droughts 
in the early 1840s, the late 1930s, and the early 1940s.  Although wet periods occurred in the 
1790s, the 1810s, and the 1940s, none of the reconstructed wet periods were of equal magnitude 
to those found in the 1970s, late 1990s, and mid 2000s (Figure 23).  The 20-year filter revealed 
that the Emory River gage was unique in that the streamflow oscillated over an approximate 40-
year period.  A wet period began in the 1790s and alternated until the 1910s.  Drought conditions 
prevailed from the 1940s until the early 1970s, at which point the remainder of the reconstruction 
is considerably wet (Figure 24).  Drought analysis using a three-year average showed drought 
events in the early and late 1770s, the mid- 1840s, and interspersed drought events in the 20th 
century (Figure 25).  The five-year average showed severe droughts centered primarily in both 
the 1840s and 1940s (Figure 26).   
Nolichucky River 
The Nolichucky River reconstruction provided the least cyclic reconstruction with dry and wet 
periods appearing to fluctuate randomly.  Drought periods existed in the 1690s, the early 1840s, 
the 1940s, and the 1950s through the 1960s. Wet periods of interest included the early 1830s, the 
late 1920s, the mid- 1970s through the mid- 1980s, and the late 1990s (Figure 27).  The 20-year 
filter for the Nolichucky River reconstruction model clarified the wet and dry periods.  Small 
fluctuations in flow existed for the reconstruction until a major drought began in the early 1940s 
and persisted until the mid- 1970s.  A wet period of slightly less magnitude dominated the 
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remainder of the 20th century (Figure 28).  Drought analysis showed few pronounced patterns of 
drought.  Most of the drought years for both three and five-year averages were scattered 
randomly throughout the reconstruction period with the biggest grouping centered on the 1950s.  
Only thirteen top ten percent drought years occurred before the 20th century, marking the 20th 
century as the driest century in reconstructed history (Figure 29 and 30). 
North Fork of the Holston River 
The 10-year filter for the North Fork of the Holston River streamflow reconstruction model did 
not show cyclic patterns.  The driest period for the North Fork of the Holston River 
reconstruction was centered in the 1960s.  Other drought periods included the late 1860s, the late 
1930s through the late 1940s, and the 1840s.  Wet periods include the particularly wet mid- 
1920s and the late 1970s (Figure 31).   The 20-year filter illustrated a low severity prolonged 
drought from the mid- 1830s to the early 1890s.  A more severe, shorter duration drought 
occurred from the early 1940s to the 1980s.  Wet periods of large magnitude occurred from the 
early 1790s through the 1820s, the 1920s until the end of the 1930s, and the 1980s until present. 
(Figure 32).  Drought analysis for the NF Holston River corroborated dry periods in the 1770s, 
the 1960s, and the late 2000s (Figure 33).  The five-year drought average showed the largest 
clustering of drought years in the 1960s (Figure 34).   
South Fork of the Holston River 
The 10-year filter on the SF Holston River reconstruction indicated dry periods in the 1710s 
through the 1720s, the 1770s, the1820s through the 1830s, the 1880s, and most notably the 
1960s.  The wetness of the late 1980s, the early and late 1990s, and the middle part of the first 
decade in the 2000s is on a scale that is not encountered in pre-instrumental data (Figure 35).  
Evidence of a cyclic climate oscillation of 20–30 year duration can be seen in the 20-year filter 
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starting in 1705 (Figure 36).   Major droughts in the 1700s, the 1810s, the1870s, the 1950s, and 
the 1960s coincided closely with the reconstructions of other gages (Figures 37 and 38). 
Overall 
As mentioned earlier, the prediction of wet periods was more difficult than that of dry periods.  
However, commonalties in the data do exist.  Cross gage analysis showed that the early 1700s, 
the 1770s, early 19th century, the 1950s, and the 1960s all represent common periods of severe 
drought.  The end of the 20th century appears to be one of the wettest periods for all the 
reconstructions.  However, it should be noted that the introduction of instrumental data into the 
reconstructions and the tendency of the models to underestimate wet years may account for the 
unusual wetness found at the end of the 20th century. 
Conclusions and Future Study 
Perhaps the most important result of this study is further proof that climatic signals can be 
reconstructed using southeastern U.S. tree-ring chronologies.  Water resource management of a 
growing southeastern U.S. population requires long-term hydrologic data that instrumental 
records alone cannot provide.  The relative wetness of the last quarter century and the evidence 
of severe droughts in the past may trouble water planners in the near future.  This study provides 
a starting point for future investigations into the long-term variability of Tennessee Valley 
streamflow.  The Tennessee Valley streamflow reconstructions prove that the current 
instrumental records do not provide water planners with sufficient data.  This fact combined with 
the statistical reliability of the models proves that instrumental records do not supply an accurate 
picture of the long-term streamflow variability in the region. 
Future research into southeastern streamflow reconstructions should focus primarily on 
creating new tree-ring chronologies or by updating older, proven chronologies.  Given the 
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dominance of the Knob Job chronology’s eastern red cedars in the reconstruction models, efforts 
aimed at extending the network of eastern red cedar chronologies should definitely be pursued.  
The cyclic nature of some of the gages, especially the Emory River, calls for further 
investigation.  Future research may include integration of short- and long-term oceanic climate 
fluctuations, including the Pacific Decadal Oscillation (PDO), Atlantic Multidecadal Oscillation 
(AMO), and El Niño Southern Oscillation (ENSO).  Hunter (2006) found relations between sea 
surface temperatures and Western snowpack.  Computer modeling techniques and alternative 
methods of processing datasets to retrieve additional signals and less noise such as Principal 
Components Analysis (PCA) may also improve results.  Success has already been found using 
these methods (Saito 2008, Gray et al. 2004, Axelson 2009, and Woodhouse et al. 2006). 
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Appendix A: Tables
 30 
Table 1: USGS Streamflow gages and accompanying relevant data. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Station # Description State Latitude Longitude Drainage Area (km2) 
Elevation 
(m) Start End 
03540500 EMORY RIVER AT OAKDALE TN 36.0 –84.6 1979 232 1928 2007 
03524000 
CLINCH RIVER 
AT 
CLEVELAND 
VA 36.9 –82.2 1380 457 1921 2008 
03528000 
CLINCH RIVER 
ABOVE 
TAZEWELL 
TN 36.4 –83.4 3818 323 1920 2007 
03465500 
NOLICHUCKY 
RIVER AT 
EMBREEVILLE 
TN 36.2 –82.5 2085 463 1921 2007 
03488000 
N F HOLSTON 
RIVER NEAR 
SALTVILLE 
VA 36.9 –81.7 572 519 1921 2008 
03473000 
S F HOLSTON 
RIVER NEAR 
DAMASCUS 
VA 36.7 –81.8 785 546 1932 2008 
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Table 2: A list of all 69 tree-ring chronologies that were entered into the prescreening 
process in order to successfully locate probable predictors. 
Station State Latitude Longitude Period Species 
Altamaha River GA 31.6 –81.8 933–1985 BALDCYRPESS 
Andrew Johnson Woods OH 40.9 –81.8 1626–1985 WHITE OAK 
Balsam Gap Mount Mitchell NC 35.7 –82.3 1610–1983 RED SPRUCE 
Black River NC 34.3 –78.2 385–1985 BALDCYPRESS 
Blackwater River VA 36.8 –76.9 937–1985 BALDCYPRESS 
Blue Ridge Parkway VA 37.6 –79.5 1594–1982 CHESTNUT OAK 
Bluff Mountain, Nature 
Conservancy NC 
36.4 –81.6 1713–
1993 HEMLOCK 
Boogerman Trail Tennessee TN 35.6 –83.1 1738–1995 TULIPTREE 
Brush Mountain, Jefferson 
National Forest VA 
37.3 –80.4 1828–
1992 
TABLE MOUNTAIN 
PINE 
Buffalo Beats Prairie OH 39.5 –82.2 1681–1995 WHITE OAK 
Charlottesville - Mt. 
Jefferson (Observatory Hill) VA 38.0 –78.4 
1883–
1993 CHESTNUT OAK 
Chickahominy River VA 37.4 –76.9 1665–1984 BALDCYPRESS 
Clingman's Dome NC 35.6 –83.4 1560–1983 RED SPRUCE  
Davis Purdue IN/OH 39.9 –84.4 1662–1985 WHITE OAK 
Dragon Run VA 37.6 –76.7 1377–1984 BALDCYPRESS 
Dysart Woods OH 40.0 –81.0 1625–1998 WHITE OAK 
Ebenezer Creek  GA 32.4 –81.2 995–1985 BALDCYPRESS 
Grandfather Mountain NC 36.1 –82.8 1561–1983 RED SPRUCE 
Greenbrier II TN 35.7 –83.4 1737–1995 CHESTNUT OAK 
Hampton Hills NC 35.8 –78.7 1770–1992 WHITE OAK 
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Hemlock Cove - Sunset Field VA 37.5 –79.5 1533–1982 EASTERN HEMLOCK 
Hen Wallow Falls TN 35.8 –83.2 1768–1995 EASTERN HEMLOCK 
Hen Wallow Falls B TN 35.8 –83.2 1797–1995 EASTERN HEMLOCK 
Joyce Kilmer Memoral 
Forest III NC 
35.4 –83.9 1784–
1997 EASTERN HEMLOCK 
Joyce Kilmer Memorial 
Forest II NC 
35.4 –83.9 1672–
1997 TULIPTREE 
Joyce Kilmer Wilderness NC 35.2 –84.0 1643–1983 WHITE OAK 
Kelsey Tract I NC 35.1 –83.2 1561–1983 EASTERN HEMLOCK 
Kelsey Tract II NC 35.1 –83.2 1679–1983 CAROLINA HEMLOCK 
Kit Springs Ranch, Nantahala NC 35.3 –83.9 1660–1993 HEMLOCK 
Knob Job WV 38.9 –38.9 1476–1981 EASTERN RED CEDAR 
Land Between The Lakes KY 36.8 –88.1 1689–2005 POST OAK 
Lassiter Swamp (Merchants 
Millpond State Park) NC 36.5 –76.6 
1528–
1984 BALDCYPRESS 
Lilley Cornett Tract KY 37.1 –83.0 1665–1982 WHITE OAK 
Linville Gorge NC 35.9 –81.9 1620–1977 WHITE OAK 
Lower Withlacoochee River FL 29.0 –82.7 1618–2005 BALDCYPRESS 
Lynn Hollow and Look Rock 
Trail TN 
35.6 –85.9 1685–
1996 SHORTLEAF PINE 
Lynn Hollow I TN 35.6 –85.4 1755–1997 CHESTNUT OAK 
Lynn Hollow II TN 35.6 –85.4 1745–1997 BLACK OAK 
Mammoth Cave (Recollect) KY 37.2 –86.1 1651–1985 WHITE OAK 
Massanutten Mountain, S of 
Habron Gap VA 
38.8 –78.5 1876–
1989 PITCH PINE 
Middle Withlacoochee River FL 28.9 –82.3 1516–2003 BALDCYPRESS 
Montpelier National 
Landmark Forest VA 
38.2 –78.2 1713–
2001 WHITE OAK 
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Mount Rogers VA 36.7 –81.7 1647–1982 EASTERN HEMLOCK 
Mountain Lake Virginia I VA 37.4 –80.5 1695–1982 WHITE OAK 
Mountain Lake Virginia II VA 37.4 –80.5 1554–1980 WHITE OAK 
Mt. Collins TN 35.5 –83.5 1654–1986 RED SPRUCE 
Norris Dam State Park TN 36.2 –84.1 1633–1981 WHITE OAK 
Nottoway River VA 36.8 –77.1 1175–1984 BALDCYPRESS 
Ocmulgee River GA 32.1 –83.3 1206–1984 BALDCYPRESS 
Pascagoula River MS 30.6 –88.6 1470–1992 BALDCYPRESS 
Patty's Oaks, Blue Ridge 
Pkwy VA 
37.9 –79.8 1572–
1982 WHITE OAK 
Pearl River MS 32.9 –89.1 1550–1983 BALDCYPRESS 
Piney Creek Pocket 
Wilderness TN 
35.7 –84.9 1651–
1982 WHITE OAK 
Pinnacle Point/Hawksbill 
Gap VA 
38.5 –78.4 1615–
1981 WHITE OAK 
Porter's Creek II TN 35.7 –82.4 1700–1997 TULIPTREE 
Pulaski Woods IN  41.1 –86.7 1692–1985 WHITE OAK 
Rainbow Falls Trail II TN 35.7 –83.5 1689–1995 EASTERN HEMLOCK 
Ramseys Draft Recollection VA 38.3 –79.3 1600–1981 EASTERN HEMLOCK 
Reelfoot Lake (Quake Effects 
After 1811) TN 36.4 –89.4 
1677–
1990 BALDCYPRESS 
Savage Gulf TN 35.5 –85.6 1616–1985 EASTERN HEMLOCK 
Scotts Gap TN 35.6 –83.9 1684–1981 TULIP POPLAR 
Shenandoah National Park VA 38.5 –78.5 1757–1997 EASTERN HEMLOCK 
Shot Beech Ridge NC 35.6 –83.4 1772–1997 RED OAK 
Sipsey Wilderness AL 34.3 –87.5 1682–1985 WHITE OAK 
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Stebbin's Gulch OH 41.6 –81.3 1612–1983 CHESTNUT OAK 
Suwannee River FL 29.7 –83.0 1725–1993 OVERCUP OAK 
Sweet Briar College Old-
Growth White Oak VA 
37.6 –79.1 1754–
1998 WHITE OAK 
Upper Withlacoochee River FL 28.3 –82.1 1622–2005 BALDCYPRESS 
Watch Dog, Massenhutten 
Mtn VA 
38.5 –78.4 1645–
1981 CHESTNUT OAK 
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Table 3:  Statistical measures of model strength and validation for each gage.  
 
 
 
Table 4:  Regression Model Statistics for the Clinch River TN MJJ Streamflow 
Reconstruction. 
 
Clinch River TN Reconstruction 
Beginning 1752 
End 1980 
R 0.64 
R2 0.40 
R2 (ADJ) 0.37 
R2 (PRED)  0.31 
PRESS 1,116,808 
D-W Statistic 1.94 
VIF 1.07 
RE 0.40 
RMSE (MCM) 125.2 
 
 
 
 
 
 
 
 
 
 
 
Model R2 R2 (ADJ) R2 (PRED) PRESS (MCM) D-W Statistic VIF Length 
Clinch River TN 0.40 0.37 0.31 1,116,808 1.94 1.07 1752–1980 
Clinch River VA 0.36 0.33 0.27 154,592 2.05 1.06 1752–1980 
Emory River 0.42 0.39 0.33 688,781 2.07 1.08 1772–1980 
Nolichucky River 0.52 0.49 0.43 244,757 1.55 1.14 1686–1980 
NF Holston River 0.50 0.46 0.41 20,392 2.22 1.14 1772–1980 
SF Holston River 0.48 0.44 0.39 30,056 2.35 1.27 1686–1980 
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Table 5:  Regression Model Statistics for the Clinch River VA MJJ Streamflow 
Reconstruction. 
 
Clinch River VA Reconstruction 
Beginning 1752 
End 1980 
R 0.60 
R2 0.36 
R2 (ADJ) 0.33 
R2 (PRED) 0.27 
PRESS 154,592 
D-W STAT 2.05 
VIF 1.06 
RE 0.36 
RMSE (MCM) 47.5 
 
 
Table 6:  Regression Model Statistics for the Emory River MJJ Streamflow 
Reconstruction. 
 
Emory River Reconstruction 
Beginning 1772 
End 1980 
r 0.65 
R2 0.42 
R2 (ADJ) 0.39 
R2 (PRED) 0.33 
PRESS 688,781 
D-W STAT 2.07 
VIF 1.08 
RE 0.42 
RMSE (MCM) 106.2 
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Table 7:  Regression Model Statistics for the Nolichucky River MJJ Streamflow 
Reconstruction. 
 
Nolichucky River Reconstruction 
Beginning 1686 
End 1980 
R 0.72 
R2 0.52 
R2 (ADJ) 0.49 
R2 (PRED) 0.43 
PRESS 244,757 
D-W STAT 1.55 
VIF 1.14 
RE 0.52 
RMSE (MCM) 58.8 
 
 
Table 8:  Regression Model Statistics for the NF Holston River MJJ Streamflow 
Reconstruction. 
 
NF Holston River Reconstruction 
Beginning 1772 
End 1980 
R 0.71 
R2 0.50 
R2 (ADJ) 0.46 
R2 (PRED) 0.41 
PRESS 20,392 
D-W STAT 2.22 
VIF 1.14 
RE 0.50 
RMSE (MCM) 17.0 
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Table 9:  Regression Model Statistics for the SF Holston River MJJ Streamflow 
Reconstruction. 
 
SF Holston River Reconstruction 
Beginning 1686 
End 1980 
R 0.69 
R2 0.48 
R2 (ADJ) 0.44 
R2 (PRED) 0.39 
PRESS 30,056 
D-W STAT 2.35 
VIF 1.27 
RE 0.48 
RMSE (MCM) 22.9 
 
 
Table 10: Tree ring chronologies used in the construction of the gage regression models. 
 
Station State Latitude Longitude Period Species # of Times 
Used 
Grandfather 
Mountain 
NC 36.1 –82.8 1561–1983 RED SPRUCE 1 
 Hampton Hills NC 35.8 –78.7 1770–1992 WHITE OAK 2 
Knob Job WV 38.9 –38.9 1476–1981 EASTERN RED 
CEDAR 
5 
Land Between The 
Lakes 
KY 36.8 –88.1 1689–2005 POST OAK 1 
Lassiter Swamp  
(MMSP**) 
NC 36.5 –76.6 1528–1984 BALDCYPRESS 2 
Lilley Cornett Tract KY 37.1 –83.0 1665–1982 WHITE OAK 2 
Lynn Hollow I TN 35.6 –85.4 1755–1997 CHESTNUT OAK 2 
Mount Rogers VA 36.7 –81.7 1647–1982 EASTERN HEMLOCK 1 
Scotts Gap TN 35.6 –83.9 1684–1981 TULIP POPLAR 3 
Sipsey Wilderness AL 34.3 –87.5 1682–1985 WHITE OAK 1 
**Merchants Millpond State Park. 
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Table 11:  The top three lowest flows (MCM) and the years in which they occurred for the 
USGS streamflow gages.  Negative values are entered despite impossibility of a negative 
flow year.   
 
Gage Lowest Flow (Year) 
Second Lowest Flow 
(Year) 
Third Lowest Flow 
(Year) 
Clinch River TN -37.6 (1774) 10.7 (1911) 49.5 (1879) 
Clinch River VA 10.2 (1911) 11.6 (1774) 16.9 (1879) 
Emory River -136.4 (1773) -117.7 (1911) 4.9 (1918) 
Nolichucky River 55.3 (1779) 79.7 (1911) 109.6 (2008) 
NF Holston River -2.3 (1773) 7.1 (1911) 10.8 (1914) 
SF Holston River 22.7 (1879) 27.4 (1708) 29.5 (1784) 
 
 
Table 12:  Flow Facts and Basic Statistics for Comparison of Clinch River Tennessee 
Instrumental, Calibration, and Reconstruction Flow Periods.  Units are in MCM. 
 
Clinch River TN Instrumental Calibration Reconstructed 
Start 1919 1919 1752 
Finish 2008 1980 1980 
Mean 338.9 338.8 339.8 
St. Dev. 164.2 104.0 134.5 
High (Year) 800.8 (1929) 559.8 (1938) 718.8 (1786) 
Low (Year) 120.0 (1934) 83.9 (1936) -37.6 (1774) 
 
 
Table 13:  Flow Facts and Basic Statistics for Comparison of Clinch River Virginia 
Instrumental, Calibration, and Reconstruction Flow Periods.  Units are in MCM. 
 
Clinch River VA Instrumental Calibration Reconstructed 
Start 1921 1921 1752 
Finish 2008 1980 1980 
Mean 122.0 118.2 118.5 
St. Dev. 61.3 36.1 43.9 
High (Year) 311.5 (2004) 196.6 (1951) 244.2 (1793) 
Low (Year) 29.0 (1930) 34.2 (1930) 10.2 (1911) 
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Table 14:  Flow Facts and Basic Statistics for Comparison of Emory River Instrumental, 
Calibration, and Reconstruction Flow Periods.  Units are in MCM. 
 
Emory River Instrumental Calibration Reconstructed 
Start 1928 1928 1772 
Finish 2008 1980 1980 
Mean 190.6 178.0 178.2 
St. Dev. 154.1 91.6 92.9 
High (MCM):Year 700.0 (1989) 422.5 (1945) 424.4 (1796) 
Low (MCM):Year 28.7 (1948) 15.6 (1939) -136.4 (1773) 
 
 
Table 15:  Flow Facts and Basic Statistics for Comparison of Nolichucky River 
Instrumental, Calibration, and Reconstruction Flow Periods.  Units are in MCM. 
 
Nolichucky River Instrumental Calibration Reconstructed 
Start 1921 1921 1686 
Finish 2008 1980 1980 
Mean 271.0 271.0 272.5 
St. Dev. 91.8 61.7 66.0 
High (Year) 524.4 (1992) 415.5 (1928) 495.9 (1727) 
Low (Year) 109.6 (2008) 132.6 (1936) 55.3 (1779) 
 
 
Table 16:  Flow Facts and Basic Statistics for Comparison of North Fork of the Holston 
River Instrumental, Calibration, and Reconstruction Flow Periods.  Units are in MCM. 
 
NF Holston River Instrumental Calibration Reconstructed 
Start 1921 1921 1772 
Finish 2008 1980 1980 
Mean 52.7 51.7 52.6 
St. Dev. 24.3 17.0 17.0 
High (Year) 104.7 (1923) 88.8 (1972) 98.7 (1796) 
Low (Year) 16.7 (1964) 10.2 (1930) -2.3 (1773) 
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Table 17:  Flow Facts and Basic Statistics for Comparison of South Fork of the Holston 
River Instrumental, Calibration, and Reconstruction Flow Periods.  Units are in MCM. 
 
SF Holston River Instrumental Calibration Reconstructed 
Start 1932 1931 1686 
Finish 2008 1980 1980 
Mean 91.8 89.2 89.2 
St. Dev. 33.5 22.0 23.0 
High (Year) 198.0 (1998) 135.8 (1973) 155.7 (1782) 
Low (Year) 41.4 (1988) 35.8 (1936) 22.7 (1879) 
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Appendix B: Figures 
 43 
  
 
 
 
 
 
 
 
 
 
Figure 1:  Location map of USGS streamflow stations and tree-ring 
chronologies selected for prescreening from the ITRDB. 
 44 
 
Figure 2:  Examination of popular seasonal periods versus number of tree chronologies 
showing greater than or equal to 95% significance.  
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Figure 3:  Location map for the Clinch River Tennessee Gage showing 
chronologies used by its regression model including: Knob Job, Lynn Hollow I, 
and Lilly Cornet Tract Residuals. 
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Figure 4:  Location map for the Clinch River Virginia gage showing chronologies 
used by its regression model including: Knob Job, Lynn Hollow I, and Lilly 
Cornet Tract Residuals. 
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Figure 5:  Location map for the Emory River gage showing chronologies used by its 
regression model including: Hampton Hills, Land between the Lakes, and Lassiter 
Swamp Residuals. 
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Figure 6:  Location map for the Nolichucky River gage showing chronologies used 
by its regression model including: Grandfather Mountain, Knob Job, Lassiter 
Swamp, and Scotts Gap Residuals. 
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Figure 7:  Location map for the North Fork of the Holston River gage showing 
chronologies used by its regression model including: Hampton Hills, Knob Job, 
Mount Rogers, and Scotts Gap Residuals. 
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Figure 8:  Location map for the South Fork of the Holston River gage showing 
chronologies utilized by its regression model including: Knob Job, Scotts Gap and 
Sipsey Wilderness Residuals. 
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Figure 9: Regression Model Calibration for Clinch River Tennessee Gage  
(1919–1980). 
 
 Figure 10: Regression Model Calibration for Clinch River Virginia Gage  
(1921–1980). 
 
 
Figure 11:  Regression Model Calibration for Emory River Gage  
(1928–1980). 
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Figure 12: Regression Model Calibration for Nolichucky River Gage  
(1921–1980). 
 
 
Figure 13: Regression Model Calibration for North Fork of the Holston River  
Gage (1921–1980).  
 
 
 
 
 
Figure 14:  Regression Model Calibration for South Fork of the Holston 
River Gage (1931–1980). 
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Figure 15:  Leading year 10-year filter for Clinch River Tennessee MJJ streamflow. The 
reconstruction is shown from 1761 to 1918.  Instrumental data are shown from 1919–2008. 
 
Figure 16:  Leading year 20-year filter for Clinch River Tennessee MJJ streamflow. The 
reconstruction is shown from 1771 to 1918.  Instrumental data are shown from 1919–2008. 
 
Figure 17:  Ranking of the tenth percentile driest years by leading three-year averages for 
the Clinch River Tennessee from 1754 to 2008.  The most severe drought is given the 
highest rank.  
 
 
 
 
 
 54 
 
Figure 18:  Ranking of the tenth percentile driest years by leading five-year averages for 
the Clinch River Tennessee from 1756 to 2008.  The most severe drought is given the 
highest rank. 
 
Figure 19:  Leading year 10-year filter for Clinch River Virginia MJJ streamflow. The 
reconstruction is shown from 1761 to 1920.  Instrumental data are shown from 1921–2008. 
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Figure 20:  Leading year 20-year filter for Clinch River Virginia MJJ streamflow. The 
reconstruction is shown from 1771 to 1920.  Instrumental data are shown from 1921–2008. 
 
 
Figure 21:  Ranking of the tenth percentile driest years by leading three-year averages for 
the Clinch River Virginia from 1754 to 2008.  The most severe drought is given the highest 
rank. 
 
 
Figure 22:  Ranking of the tenth percentile driest years by leading five-year averages for 
the Clinch River Virginia from 1756 to 2008.  The most severe drought is given the highest 
rank. 
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Figure 23:  Leading year 10-year filter for Emory River MJJ streamflow. The 
reconstruction is shown from 1781 to 1927.  Instrumental data are shown from 1928–2008. 
 
Figure 24:  Leading year 20-year filter for Emory River MJJ streamflow. The 
reconstruction is shown from 1791 to 1927.  Instrumental data are shown from 1928–2008. 
 
 
Figure 25:  Ranking of the tenth percentile driest years by leading three-year averages for 
the Emory River from 1774 to 2008.  The most severe drought is given the highest rank. 
 
 
Figure 26:  Ranking of the tenth percentile driest years by leading five-year averages for 
the Emory River from 1776 to 2008.  The most severe drought is given the highest rank. 
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Figure 27:  Leading year 10-year filter for Nolichucky River MJJ streamflow. The 
reconstruction is shown from 1695 to 1920.  Instrumental data are shown from 1921–2008. 
 
 
Figure 28:  Leading year 20-year filter for Nolichucky River MJJ streamflow. The 
reconstruction is shown from 1705 to 1920.  Instrumental data are shown from 1921–2008. 
 
 
Figure 29:  Ranking of the tenth percentile driest years by leading three-year averages for 
the Nolichucky River from 1688 to 2008.  The most severe drought is given the highest 
rank. 
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Figure 30:  Ranking of the tenth percentile driest years by leading five-year averages for 
the Nolichucky River from 1690 to 2008.  The most severe drought is given the highest 
rank. 
 
 
Figure 31:  Leading year 10-year filter for North Fork of the Holston River MJJ 
streamflow. The reconstruction is shown from 1781 to 1920.  Instrumental data are shown 
from 1921–2008. 
 
 
Figure 32:  Leading year 20-year filter for North Fork of the Holston River MJJ 
streamflow. The reconstruction is shown from 1791 to 1920.  Instrumental data are shown 
from 1921–2008. 
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Figure 33:  Ranking of the tenth percentile driest years by leading three-year averages for 
the North Fork of the Holston River from 1774 to 2008.  The most severe drought is given 
the highest rank. 
 
 
Figure 34:  Ranking of the tenth percentile driest years by leading five-year averages for 
the North Fork of the Holston River from 1776 to 2008.  The most severe drought is given 
the highest rank. 
 
 
Figure 35:  Leading year 10-year filter for South Fork of the Holston River MJJ 
streamflow. The reconstruction is shown from 1695 to 1930.  Instrumental data is shown 
from 1931–2008. 
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Figure 36:  Leading year 20-year filter for South Fork of the Holston River MJJ 
streamflow. The reconstruction is shown from 1705 to 1930.  Instrumental data is shown 
from 1931–2008. 
 
 
Figure 37:  Ranking of the tenth percentile driest years by leading three-year averages for 
the South Fork of the Holston River from 1688 to 2008.  The most severe drought is given 
the highest rank. 
 
 
Figure 38:  Ranking of the tenth percentile driest years by leading five-year averages for 
the South Fork of the Holston River from 1690 to 2008.  The most severe drought is given 
the highest rank. 
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Appendix C: Minitab Outputs  
 62 
Minitab outputs for regression model construction and verification for Clinch River 
Tennessee. 
 
Stepwise Regression: mjj versus T2, T3, ...  
 
  Alpha-to-Enter: 0.05  Alpha-to-Remove: 0.1 
Response is mjj on 28 predictors, with N = 62 
 
 
Step              1        2        3 
Constant     -478.9   -716.1   -781.1 
 
T2             0.83     0.59     0.52 
T-Value        4.40     3.00     2.76 
P-Value       0.000    0.004    0.008 
 
T19                     0.48     0.42 
T-Value                 2.94     2.68 
P-Value                0.005    0.010 
 
T55                             0.185 
T-Value                          2.50 
P-Value                         0.015 
 
S               143      135      129 
R-Sq          24.39    34.04    40.43 
R-Sq(adj)     23.13    31.80    37.35 
Mallows Cp      9.3      2.7     -1.0 
PRESS       1306634  1193660  1116808 
R-Sq(pred)    19.85    26.78    31.49 
 
 Regression Analysis: mjj versus T2, T19, T55  
 
The regression equation is 
mjj = - 781 + 0.523 T2 + 0.422 T19 + 0.185 T55 
 
 
Predictor     Coef  SE Coef      T      P    VIF 
Constant    -781.1    187.3  -4.17  0.000 
T2          0.5227   0.1893   2.76  0.008  1.239 
T19         0.4218   0.1575   2.68  0.010  1.241 
T55        0.18526  0.07423   2.50  0.015  1.068 
 
 
S = 129.392   R-Sq = 40.4%   R-Sq(adj) = 37.4% 
 
PRESS = 1116808   R-Sq(pred) = 31.49% 
 
Analysis of Variance 
 
Source          DF       SS      MS      F      P 
Regression       3   659113  219704  13.12  0.000 
Residual Error  58   971056   16742 
Total           61  1630169 
 
Source  DF  Seq SS 
T2       1  397603 
T19      1  157239 
T55      1  104271 
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Obs    T2    mjj    Fit  SE Fit  Residual  St Resid 
  1  1022  452.9  430.6    23.7      22.3      0.18 
  2   931  367.6  287.4    20.2      80.2      0.63 
  3   802  335.2  204.0    35.9     131.1      1.05 
  4  1169  455.4  463.7    39.5      -8.3     -0.07 
  5  1039  519.7  390.3    19.5     129.5      1.01 
  6  1035  627.3  471.2    29.9     156.2      1.24 
  7   799  189.3  226.2    40.3     -36.9     -0.30 
  8  1049  196.1  300.7    31.5    -104.7     -0.83 
  9  1157  562.2  468.3    34.9      93.9      0.75 
 10  1147  641.8  517.3    40.4     124.4      1.01 
 11  1024  800.8  382.5    19.9     418.4      3.27R 
 12   862  153.4  122.3    48.8      31.1      0.26 
 13   829  354.5  230.5    38.4     124.0      1.00 
 14  1012  333.5  378.6    20.2     -45.2     -0.35 
 15   826  298.0  266.8    44.6      31.2      0.26 
 16   993  120.0  294.9    29.0    -175.0     -1.39 
 17   998  466.6  487.4    39.0     -20.8     -0.17 
 18   770  152.7   83.8    45.0      68.8      0.57 
 19  1137  225.6  415.9    39.6    -190.3     -1.55 
 20  1168  546.3  559.7    40.2     -13.4     -0.11 
 21   965  228.0  412.6    29.8    -184.6     -1.47 
 22  1018  251.0  289.6    29.7     -38.6     -0.31 
 23   913  229.8  147.3    39.1      82.6      0.67 
 24  1108  420.6  352.3    35.1      68.4      0.55 
 25  1056  236.9  389.2    20.3    -152.3     -1.19 
 26   901  165.2  258.7    25.7     -93.5     -0.74 
 27  1061  457.9  417.8    23.7      40.1      0.32 
 28  1015  252.1  416.1    22.5    -164.0     -1.29 
 29   918  187.4  300.0    42.2    -112.6     -0.92 
 30   965  150.3  247.1    27.2     -96.7     -0.76 
 31  1148  429.5  365.8    41.9      63.7      0.52 
 32  1081  677.6  467.6    26.4     209.9      1.66 
 33   980  289.6  556.5    62.9    -266.9     -2.36RX 
 34   939  267.2  284.6    19.8     -17.4     -0.14 
 35   865  504.3  275.7    28.4     228.6      1.81 
 36   896  278.3  271.1    24.5       7.2      0.06 
 37   862  144.0  255.6    27.8    -111.6     -0.88 
 38   929  309.7  333.4    30.5     -23.8     -0.19 
 39  1006  145.2  289.2    26.4    -144.0     -1.14 
 40   985  622.7  354.2    28.7     268.5      2.13R 
 41  1013  187.6  268.0    34.8     -80.4     -0.65 
 42   962  217.7  320.0    17.6    -102.2     -0.80 
 43  1009  320.1  355.9    27.1     -35.8     -0.28 
 44   901  209.0  335.7    34.6    -126.7     -1.02 
 45   950  222.5  229.4    27.6      -6.9     -0.05 
 46   893  120.9  227.0    26.8    -106.0     -0.84 
 47  1119  200.3  383.4    32.5    -183.1     -1.46 
 48   878  306.8  212.9    26.5      93.9      0.74 
 49  1004  514.2  363.1    23.2     151.1      1.19 
 50  1030  316.4  384.3    42.6     -67.9     -0.56 
 51   971  236.8  254.5    37.5     -17.7     -0.14 
 52   949  203.3  239.8    24.8     -36.5     -0.29 
 53  1079  643.1  478.7    28.4     164.3      1.30 
 54  1038  369.0  375.9    45.3      -6.9     -0.06 
 55  1039  436.6  472.5    29.6     -35.9     -0.29 
 56  1043  486.3  434.1    24.2      52.2      0.41 
 57   968  383.5  364.8    20.3      18.7      0.15 
 58   983  158.3  340.7    23.1    -182.4     -1.43 
 59   826  200.0  172.0    55.9      28.0      0.24 
 60  1095  432.3  349.0    32.8      83.3      0.67 
 61  1058  518.6  457.0    25.3      61.6      0.49 
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 62   976  272.8  316.9    19.8     -44.0     -0.34 
 
R denotes an observation with a large standardized residual. 
X denotes an observation whose X value gives it large leverage. 
 
 
Durbin-Watson statistic = 1.94332 
 
  
Autocorrelation Function: RESI3  
 
Lag        ACF      T    LBQ 
  1   0.027086   0.21   0.05 
  2  -0.097636  -0.77   0.68 
  3   0.045376   0.35   0.82 
  4   0.117213   0.91   1.76 
  5   0.136435   1.05   3.05 
  6  -0.075130  -0.57   3.45 
  7  -0.127015  -0.95   4.62 
  8   0.246017   1.82   9.06 
  9   0.095585   0.67   9.75 
 10  -0.231039  -1.61  13.82 
 11  -0.009055  -0.06  13.83 
 12   0.017394   0.12  13.85 
 13   0.110055   0.74  14.83 
 14   0.012197   0.08  14.84 
 15  -0.267520  -1.78  20.89 
 16  -0.105224  -0.67  21.84 
 
  
Autocorrelation for RESI3  
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Minitab outputs for regression model construction and verification for Clinch River 
Virginia. 
 
Stepwise Regression: mjj versus T2, T3, ...  
 
  Alpha-to-Enter: 0.05  Alpha-to-Remove: 0.1 
 
Response is mjj on 23 predictors, with N = 60 
 
Step             1         2         3 
Constant     4.428  -153.383  -242.053 
 
T55          0.115     0.096     0.089 
T-Value       3.80      3.34      3.13 
P-Value      0.000     0.001     0.003 
 
T19                    0.177     0.129 
T-Value                 3.12      2.14 
P-Value                0.003     0.036 
 
T2                               0.146 
T-Value                           2.02 
P-Value                          0.048 
 
S             54.2      50.5      49.2 
R-Sq         19.91     31.57     36.22 
R-Sq(adj)    18.53     29.17     32.80 
Mallows Cp    -0.6      -6.7      -7.9 
PRESS       179472    162049    154592 
R-Sq(pred)   15.60     23.79     27.30 
  
Regression Analysis: mjj versus T2, T19, T55  
 
The regression equation is 
mjj = - 242 + 0.146 T2 + 0.129 T19 + 0.0887 T55 
 
Predictor     Coef  SE Coef      T      P    VIF 
Constant   -242.05    71.69  -3.38  0.001 
T2         0.14585  0.07218   2.02  0.048  1.236 
T19        0.12901  0.06021   2.14  0.036  1.237 
T55        0.08873  0.02832   3.13  0.003  1.063 
 
S = 49.2123   R-Sq = 36.2%   R-Sq(adj) = 32.8% 
 
PRESS = 154592   R-Sq(pred) = 27.30% 
 
Analysis of Variance 
 
Source          DF      SS     MS      F      P 
Regression       3   77016  25672  10.60  0.000 
Residual Error  56  135624   2422 
Total           59  212639 
 
Source  DF  Seq SS 
T2       1   36948 
T19      1   16303 
T55      1   23765 
 
Obs    T2     mjj     Fit  SE Fit  Residual  St Resid 
  1   802   96.35   79.49   13.76     16.87      0.36 
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  2  1169  124.11  149.89   15.08    -25.78     -0.55 
  3  1039  255.87  133.48    7.51    122.39      2.52R 
  4  1035  203.63  165.50   11.58     38.13      0.80 
  5   799   71.86   91.49   15.40    -19.63     -0.42 
  6  1049   76.42   96.79   12.01    -20.37     -0.43 
  7  1157  191.48  154.50   13.34     36.98      0.78 
  8  1147  173.34  170.58   15.50      2.76      0.06 
  9  1024  224.96  135.47    7.65     89.48      1.84 
 10   862   28.99   34.21   18.70     -5.22     -0.11 
 11   829  114.54   93.13   14.64     21.41      0.46 
 12  1012  118.15  135.11    7.76    -16.96     -0.35 
 13   826  109.96  109.10   17.00      0.86      0.02 
 14   993   38.88  107.08   11.04    -68.20     -1.42 
 15   998  171.73  175.83   15.04     -4.10     -0.09 
 16   770   57.90   35.70   17.23     22.21      0.48 
 17  1137   58.44  131.86   15.10    -73.43     -1.57 
 18  1168  172.41  194.60   15.42    -22.20     -0.47 
 19   965   86.67  146.00   11.55    -59.33     -1.24 
 20  1018  122.29  101.76   11.31     20.53      0.43 
 21   913   68.95   47.99   14.98     20.96      0.45 
 22  1108  136.72  117.78   13.35     18.94      0.40 
 23  1056   88.37  133.75    7.81    -45.38     -0.93 
 24   901   55.84   96.94    9.82    -41.10     -0.85 
 25  1061  168.47  141.02    9.15     27.44      0.57 
 26  1015   86.86  148.06    8.70    -61.20     -1.26 
 27   918   50.77   97.05   16.19    -46.28     -1.00 
 28   965   60.40   87.45   10.39    -27.04     -0.56 
 29  1148  130.71  118.70   15.94     12.01      0.26 
 30  1081  217.46  161.62   10.18     55.84      1.16 
 31   980  113.52  196.58   24.22    -83.06     -1.94 X 
 32   939  101.33   98.65    7.65      2.68      0.06 
 33   865  231.83  103.22   10.90    128.61      2.68R 
 34   896  106.69  101.00    9.40      5.69      0.12 
 35   862   55.33   96.03   10.68    -40.70     -0.85 
 36   929  110.00  113.89   11.76     -3.89     -0.08 
 37  1006   66.72  101.53   10.07    -34.81     -0.72 
 38   985  224.41  117.70   11.04    106.71      2.23R 
 39  1013   57.18   94.99   13.24    -37.81     -0.80 
 40   962   68.24  111.35    6.83    -43.11     -0.88 
 41  1009  137.31  129.87   10.32      7.44      0.15 
 42   901   79.85  116.80   13.33    -36.95     -0.78 
 43   950   52.60   76.38   10.56    -23.78     -0.49 
 44   893   35.37   78.05   10.31    -42.67     -0.89 
 45  1119   67.44  127.87   12.38    -60.43     -1.27 
 46   878  121.01   75.94   10.18     45.07      0.94 
 47  1004  172.25  131.44    8.87     40.80      0.84 
 48  1030  118.45  144.65   16.23    -26.20     -0.56 
 49   971   86.95   78.47   14.34      8.48      0.18 
 50   949   58.05   81.75    9.49    -23.69     -0.49 
 51  1079  253.02  168.32   10.97     84.71      1.77 
 52  1038  170.92  141.67   17.25     29.26      0.63 
 53  1039  130.84  167.56   11.46    -36.72     -0.77 
 54  1043  146.72  154.21    9.34     -7.49     -0.16 
 55   968  127.34  131.11    7.85     -3.77     -0.08 
 56   983   51.99  124.19    8.82    -72.21     -1.49 
 57   826   80.26   51.03   21.41     29.23      0.66 
 58  1095  144.09  113.05   12.49     31.03      0.65 
 59  1058  243.66  159.31    9.80     84.35      1.75 
 60   976  116.37  113.74    7.59      2.63      0.05 
 
R denotes an observation with a large standardized residual. 
X denotes an observation whose X value gives it large leverage. 
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Durbin-Watson statistic = 2.05217 
 
Autocorrelation Function: RESI3  
 
Lag        ACF      T    LBQ 
  1  -0.027158  -0.21   0.05 
  2  -0.141189  -1.09   1.33 
  3  -0.011453  -0.09   1.33 
  4   0.041358   0.31   1.45 
  5   0.158186   1.20   3.14 
  6  -0.077341  -0.57   3.55 
  7  -0.236002  -1.74   7.46 
  8   0.232074   1.63  11.31 
  9   0.021189   0.14  11.35 
 10  -0.174641  -1.17  13.62 
 11  -0.066294  -0.44  13.95 
 12  -0.000228  -0.00  13.95 
 13   0.259701   1.70  19.29 
 14  -0.045966  -0.29  19.46 
 15  -0.284476  -1.78  26.15 
  
Autocorrelation for RESI3  
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Minitab outputs for regression model construction and verification for Emory River. 
 
 
Stepwise Regression: mjj versus T2, T5, ...  
 
  Alpha-to-Enter: 0.05  Alpha-to-Remove: 0.1 
 
Response is mjj on 17 predictors, with N = 53 
 
Step             1       2       3 
Constant    -295.4  -464.1  -527.9 
 
T6            0.48    0.39    0.32 
T-Value       3.76    3.16    2.71 
P-Value      0.000   0.003   0.009 
 
T68                  0.264   0.241 
T-Value               3.06    2.94 
P-Value              0.004   0.005 
 
T49                          0.155 
T-Value                       2.63 
P-Value                      0.011 
 
S              126     117     110 
R-Sq         21.67   34.06   42.20 
R-Sq(adj)    20.14   31.42   38.66 
Mallows Cp    21.0    11.9     6.7 
PRESS       887626  764449  688781 
R-Sq(pred)   14.22   26.12   33.44 
  
Regression Analysis: mjj versus T6, T68, T49  
 
The regression equation is 
mjj = - 528 + 0.321 T6 + 0.241 T68 + 0.155 T49 
 
Predictor     Coef  SE Coef      T      P    VIF 
Constant    -527.9    125.4  -4.21  0.000 
T6          0.3210   0.1185   2.71  0.009  1.117 
T68        0.24069  0.08194   2.94  0.005  1.079 
T49        0.15500  0.05900   2.63  0.011  1.076 
 
S = 110.479   R-Sq = 42.2%   R-Sq(adj) = 38.7% 
 
PRESS = 688781   R-Sq(pred) = 33.44% 
 
Analysis of Variance 
 
Source          DF       SS      MS      F      P 
Regression       3   436687  145562  11.93  0.000 
Residual Error  49   598079   12206 
Total           52  1034766 
 
Source  DF  Seq SS 
T6       1  224273 
T68      1  128181 
T49      1   84232 
 
Obs    T6    mjj    Fit  SE Fit  Residual  St Resid 
  1  1204  677.0  351.7    34.8     325.2      3.10R 
  2  1018  334.3  307.0    36.1      27.3      0.26 
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  3   816   63.7   66.8    32.6      -3.1     -0.03 
  4   972   69.8   16.4    44.5      53.5      0.53 
  5   977   79.4  140.7    18.2     -61.3     -0.56 
  6   678  143.6   75.7    40.5      67.9      0.66 
  7  1106  107.8  212.2    21.4    -104.4     -0.96 
  8   986  115.0  233.9    26.1    -119.0     -1.11 
  9   951   30.7   33.7    36.5      -2.9     -0.03 
 10   932  165.5  185.1    20.0     -19.6     -0.18 
 11  1268  263.6  361.8    39.7     -98.2     -0.95 
 12   789   78.6   15.6    32.3      63.0      0.60 
 13   983  162.9  135.9    20.4      27.0      0.25 
 14   839  190.7  125.2    33.7      65.5      0.62 
 15   912   61.6   88.9    22.3     -27.2     -0.25 
 16   960   68.4  186.8    17.8    -118.4     -1.09 
 17   785   77.5   57.2    32.5      20.3      0.19 
 18  1169  326.0  422.5    46.2     -96.5     -0.96 
 19  1175  177.7  285.2    39.9    -107.5     -1.04 
 20   933   90.8  139.7    17.0     -48.9     -0.45 
 21   966   28.7   69.6    29.1     -41.0     -0.38 
 22  1068  169.9  251.1    23.5     -81.3     -0.75 
 23   947  301.7  271.1    33.4      30.6      0.29 
 24   781   99.6  135.4    31.8     -35.7     -0.34 
 25   785   46.8   23.0    31.0      23.8      0.22 
 26  1025  200.4  140.5    21.9      59.8      0.55 
 27   996  139.4  235.9    21.0     -96.4     -0.89 
 28   876  141.5  172.3    50.2     -30.9     -0.31 
 29   994  117.6  163.0    16.3     -45.5     -0.42 
 30   991  141.8  181.5    26.1     -39.7     -0.37 
 31  1198  219.0  219.7    39.2      -0.7     -0.01 
 32   830   99.6   85.1    23.7      14.6      0.14 
 33   886  141.2  213.5    28.9     -72.3     -0.68 
 34  1004  272.7  156.4    28.7     116.3      1.09 
 35   886   38.6  165.0    23.6    -126.4     -1.17 
 36  1110  132.8  142.6    31.2      -9.8     -0.09 
 37   916   89.6   72.6    25.1      17.0      0.16 
 38  1075  150.5  293.7    26.2    -143.2     -1.33 
 39   884  190.2  126.1    19.0      64.2      0.59 
 40  1116  443.6  302.6    25.8     140.9      1.31 
 41  1075  113.9  178.6    38.5     -64.7     -0.62 
 42   993  174.6  209.1    21.8     -34.5     -0.32 
 43   978   76.0  150.8    18.1     -74.8     -0.69 
 44  1069  277.2  162.3    22.4     114.9      1.06 
 45  1342  171.3  285.3    50.0    -114.0     -1.16 
 46  1095  686.6  297.2    25.4     389.3      3.62R 
 47   771  147.7  157.8    43.8     -10.1     -0.10 
 48   905  144.7  171.6    24.5     -26.9     -0.25 
 49  1139  244.4  269.2    28.7     -24.8     -0.23 
 50   864   67.5  126.3    26.2     -58.8     -0.55 
 51  1006  263.6  201.9    15.9      61.8      0.57 
 52  1053  509.4  209.3    17.2     300.1      2.75R 
 53  1135  106.2  150.8    36.9     -44.5     -0.43 
 
R denotes an observation with a large standardized residual. 
 
Durbin-Watson statistic = 2.06874 
 
Autocorrelation Function: RESI3  
 
Lag        ACF      T   LBQ 
  1  -0.124459  -0.91  0.87 
  2   0.043253   0.31  0.98 
  3   0.039806   0.28  1.07 
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  4  -0.135940  -0.97  2.17 
  5   0.038906   0.27  2.26 
  6   0.218702   1.53  5.23 
  7  -0.120432  -0.81  6.14 
  8   0.082654   0.55  6.59 
  9  -0.041025  -0.27  6.70 
 10  -0.050425  -0.33  6.87 
 11   0.034877   0.23  6.96 
 12   0.188326   1.24  9.48 
 13   0.019605   0.13  9.50 
 
  
Autocorrelation for RESI3  
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Minitab outputs for regression model construction and verification for Nolichucky River. 
 
 Stepwise Regression: mjj versus T1, T2, ...  
 
Alpha-to-Enter: 0.05  Alpha-to-Remove: 0.1 
 
Response is mjj on 32 predictors, with N = 60 
 
Step             1       2        3        4 
Constant     56.29  -10.73  -181.46  -253.47 
 
T36          0.221   0.202    0.182    0.154 
T-Value       5.56    5.26     4.85     3.99 
P-Value      0.000   0.000    0.000    0.000 
 
T49                  0.087    0.101    0.111 
T-Value               2.64     3.19     3.57 
P-Value              0.011    0.002    0.001 
 
T41                           0.177    0.190 
T-Value                        2.57     2.82 
P-Value                       0.013    0.007 
 
T55                                    0.078 
T-Value                                 2.13 
P-Value                                0.037 
 
S             69.7    66.3     63.3     61.4 
R-Sq         34.81   41.90    48.03    52.00 
R-Sq(adj)    33.68   39.86    45.24    48.51 
Mallows Cp     2.3    -2.1     -5.5     -7.1 
PRESS       300566  278595   255658   244757 
R-Sq(pred)   30.38   35.47    40.78    43.31 
  
Regression Analysis: mjj versus T36, T41, T49, T55  
 
The regression equation is 
mjj = - 253 + 0.154 T36 + 0.190 T41 + 0.111 T49 + 0.0779 T55 
 
Predictor     Coef  SE Coef      T      P    VIF 
Constant   -253.47    84.03  -3.02  0.004 
T36        0.15439  0.03871   3.99  0.000  1.222 
T41        0.18974  0.06719   2.82  0.007  1.076 
T49        0.11138  0.03123   3.57  0.001  1.095 
T55        0.07791  0.03650   2.13  0.037  1.135 
 
S = 61.3806   R-Sq = 52.0%   R-Sq(adj) = 48.5% 
 
PRESS = 244757   R-Sq(pred) = 43.31% 
 
Analysis of Variance 
 
Source          DF      SS     MS      F      P 
Regression       4  224522  56130  14.90  0.000 
Residual Error  55  207217   3768 
Total           59  431738 
 
 
Source  DF  Seq SS 
T36      1  150276 
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T41      1   16385 
T49      1   40692 
T55      1   17169 
 
Obs   T36     mjj     Fit  SE Fit  Residual  St Resid 
  1   685  348.92  213.72   16.64    135.19      2.29R 
  2  1613  354.85  414.51   27.17    -59.66     -1.08 
  3  1244  399.25  294.92   17.54    104.34      1.77 
  4   915  320.44  262.33   12.33     58.10      0.97 
  5   381  157.71  141.67   26.23     16.04      0.29 
  6   912  147.47  183.50   20.21    -36.03     -0.62 
  7   891  302.50  306.48   16.04     -3.98     -0.07 
  8  1401  473.03  415.49   22.43     57.54      1.01 
  9  1074  439.80  414.44   29.59     25.36      0.47 
 10   594  161.24  187.20   24.65    -25.96     -0.46 
 11   917  242.06  249.73   26.85     -7.67     -0.14 
 12   895  228.71  214.04   20.83     14.67      0.25 
 13   626  310.87  253.39   22.99     57.47      1.01 
 14   914  263.37  253.97   10.14      9.40      0.16 
 15  1096  272.43  312.15   15.22    -39.72     -0.67 
 16   397  167.66  132.64   22.13     35.02      0.61 
 17  1061  188.57  266.98   15.12    -78.41     -1.32 
 18  1093  290.99  331.01   14.89    -40.02     -0.67 
 19  1051  190.54  260.70   15.17    -70.16     -1.18 
 20   912  197.42  224.72   11.43    -27.30     -0.45 
 21   910  214.48  259.00   17.49    -44.52     -0.76 
 22  1102  299.99  266.91   12.17     33.08      0.55 
 23  1086  284.22  278.73   13.58      5.49      0.09 
 24   421  157.84  204.64   24.78    -46.81     -0.83 
 25  1115  294.40  324.89   15.86    -30.49     -0.51 
 26  1133  267.46  347.53   19.02    -80.08     -1.37 
 27   894  171.09  264.62   17.81    -93.53     -1.59 
 28   826  193.88  190.99   15.13      2.89      0.05 
 29  1197  501.19  334.38   15.89    166.80      2.81R 
 30  1114  289.69  314.38   21.04    -24.69     -0.43 
 31  1064  252.90  301.72   14.76    -48.82     -0.82 
 32   855  153.37  177.59   19.36    -24.22     -0.42 
 33   772  173.66  215.10   13.44    -41.44     -0.69 
 34   856  203.08  278.40   12.83    -75.32     -1.25 
 35   998  185.51  242.04   16.41    -56.53     -0.96 
 36   845  194.82  242.20    9.52    -47.38     -0.78 
 37   998  319.01  254.30   11.77     64.71      1.07 
 38  1073  364.51  238.74   17.00    125.76      2.13R 
 39   858  236.56  260.18   14.01    -23.62     -0.40 
 40  1142  255.94  316.84   11.40    -60.90     -1.01 
 41  1088  272.59  275.57   15.45     -2.98     -0.05 
 42   979  254.54  257.27   14.24     -2.73     -0.05 
 43   880  256.90  256.89   23.21      0.00      0.00 
 44   838  170.48  201.65   13.51    -31.17     -0.52 
 45   882  235.05  279.70   13.78    -44.65     -0.75 
 46   910  231.32  250.06   10.34    -18.74     -0.31 
 47   920  364.06  297.11   13.72     66.95      1.12 
 48  1288  231.28  304.27   23.19    -72.99     -1.28 
 49   910  206.06  242.57   18.85    -36.52     -0.63 
 50   779  179.78  215.05   13.14    -35.27     -0.59 
 51  1150  275.69  310.79   13.38    -35.11     -0.59 
 52  1394  413.82  409.51   20.60      4.31      0.07 
 53  1273  383.99  369.66   15.84     14.33      0.24 
 54  1309  389.64  304.95   18.84     84.69      1.45 
 55  1074  285.78  274.49   11.26     11.29      0.19 
 56   977  389.04  325.76   20.31     63.28      1.09 
 57   783  306.10  213.94   21.70     92.15      1.61 
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 58  1041  294.85  244.50   16.27     50.36      0.85 
 59   896  393.07  277.44   11.56    115.63      1.92 
 60   943  254.84  302.29   14.63    -47.45     -0.80 
 
R denotes an observation with a large standardized residual. 
 
Durbin-Watson statistic = 1.54536 
  
Autocorrelation Function: RESI3  
 
Lag        ACF      T    LBQ 
  1   0.177786   1.38   1.99 
  2   0.022911   0.17   2.03 
  3  -0.018397  -0.14   2.05 
  4   0.026892   0.20   2.10 
  5   0.016017   0.12   2.11 
  6  -0.039768  -0.30   2.22 
  7   0.021412   0.16   2.26 
  8   0.069161   0.52   2.60 
  9   0.234647   1.75   6.61 
 10  -0.015085  -0.11   6.63 
 11  -0.219850  -1.56  10.30 
 12  -0.063881  -0.44  10.62 
 13  -0.014452  -0.10  10.63 
 14  -0.100457  -0.68  11.45 
 15   0.112164   0.76  12.49 
 
  
Autocorrelation for RESI3  
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Minitab outputs for regression model construction and verification for North Fork of the 
Holston River. 
  
Stepwise Regression: mjj versus T2, T3, ...  
 
  Alpha-to-Enter: 0.05  Alpha-to-Remove: 0.1 
 
Response is mjj on 30 predictors, with N = 60 
 
Step              1        2        3        4 
Constant     -3.440  -28.690  -57.780  -88.276 
 
T36           0.057    0.045    0.039    0.032 
T-Value        4.84     3.96     3.44     2.81 
P-Value       0.000    0.000    0.001    0.007 
 
T55                    0.037    0.032    0.029 
T-Value                 3.31     2.92     2.65 
P-Value                0.002    0.005    0.010 
 
T6                              0.041    0.047 
T-Value                          2.21     2.65 
P-Value                         0.031    0.011 
 
T27                                      0.035 
T-Value                                   2.26 
P-Value                                  0.028 
 
S              20.6     19.0     18.4     17.8 
R-Sq          28.75    40.23    45.04    49.69 
R-Sq(adj)     27.52    38.13    42.09    46.04 
Mallows Cp      1.1     -6.1     -8.0     -9.7 
PRESS       25942.8  22211.7  21437.4  20391.7 
R-Sq(pred)    24.75    35.57    37.82    40.85 
  
Regression Analysis: mjj versus T36, T6, T55, T27  
 
The regression equation is 
mjj = - 88.3 + 0.0320 T36 + 0.0475 T6 + 0.0285 T55 + 0.0347 T27 
 
Predictor     Coef  SE Coef      T      P    VIF 
Constant    -88.28    22.28  -3.96  0.000 
T36        0.03204  0.01141   2.81  0.007  1.269 
T6         0.04748  0.01793   2.65  0.011  1.181 
T55        0.02851  0.01075   2.65  0.010  1.176 
T27        0.03469  0.01538   2.26  0.028  1.136 
 
S = 17.7579   R-Sq = 49.7%   R-Sq(adj) = 46.0% 
 
PRESS = 20391.7   R-Sq(pred) = 40.85% 
 
Analysis of Variance 
 
Source          DF       SS      MS      F      P 
Regression       4  17132.8  4283.2  13.58  0.000 
Residual Error  55  17343.9   315.3 
Total           59  34476.7 
 
 
Source  DF  Seq SS 
T36      1  9913.1 
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T6       1  2733.1 
T55      1  2881.7 
T27      1  1604.9 
 
Obs   T36     mjj    Fit  SE Fit  Residual  St Resid 
  1   685   44.78  43.84    4.84      0.94      0.05 
  2  1613   72.38  62.06    8.84     10.32      0.67 
  3  1244  104.68  62.53    7.16     42.15      2.59R 
  4   915   83.69  67.60    6.51     16.09      0.97 
  5   381   35.32  34.75    7.52      0.57      0.04 
  6   912   22.02  21.03    7.68      0.99      0.06 
  7   891   76.39  49.53    2.70     26.87      1.53 
  8  1401   75.85  85.41    6.87     -9.55     -0.58 
  9  1074   79.97  62.95    2.80     17.02      0.97 
 10   594   17.00  10.16    6.86      6.83      0.42 
 11   917   50.49  46.79    4.76      3.69      0.22 
 12   895   55.14  61.57    4.70     -6.43     -0.38 
 13   626   39.72  36.60    8.00      3.12      0.20 
 14   914   19.07  49.36    4.70    -30.29     -1.77 
 15  1096   80.69  69.78    4.52     10.92      0.64 
 16   397   28.37  18.54    6.51      9.84      0.60 
 17  1061   24.23  41.25    4.24    -17.02     -0.99 
 18  1093   91.04  83.53    6.08      7.50      0.45 
 19  1051   26.26  59.13    5.76    -32.87     -1.96 
 20   912   56.82  40.45    4.24     16.37      0.95 
 21   910   34.66  30.47    4.88      4.20      0.25 
 22  1102   64.13  50.23    3.32     13.90      0.80 
 23  1086   48.16  66.88    5.41    -18.73     -1.11 
 24   421   23.47  21.79    6.90      1.69      0.10 
 25  1115   93.02  68.60    4.49     24.42      1.42 
 26  1133   39.19  78.19    4.88    -39.00     -2.28R 
 27   894   23.19  40.89    4.47    -17.70     -1.03 
 28   826   28.10  49.08    4.13    -20.98     -1.21 
 29  1197   70.84  63.00    4.83      7.84      0.46 
 30  1114   88.62  59.96    3.27     28.66      1.64 
 31  1064   46.03  57.72    6.20    -11.69     -0.70 
 32   855   27.38  32.87    4.13     -5.49     -0.32 
 33   772   82.42  49.10    3.59     33.32      1.92 
 34   856   35.76  47.41    3.01    -11.65     -0.67 
 35   998   22.39  44.21    3.96    -21.82     -1.26 
 36   845   51.00  50.24    4.10      0.75      0.04 
 37   998   36.05  52.94    2.45    -16.89     -0.96 
 38  1073   78.74  61.89    5.28     16.86      0.99 
 39   858   27.22  36.53    3.72     -9.32     -0.54 
 40  1142   32.46  43.66    5.51    -11.19     -0.66 
 41  1088   85.17  64.37    3.14     20.80      1.19 
 42   979   33.86  49.72    3.22    -15.86     -0.91 
 43   880   32.58  42.99    4.82    -10.42     -0.61 
 44   838   16.73  35.36    3.37    -18.62     -1.07 
 45   882   30.54  42.76    4.48    -12.22     -0.71 
 46   910   49.81  40.34    3.10      9.47      0.54 
 47   920   68.53  55.91    4.42     12.62      0.73 
 48  1288   57.17  78.37    5.17    -21.20     -1.25 
 49   910   30.35  35.47    5.24     -5.12     -0.30 
 50   779   23.68  37.09    3.53    -13.41     -0.77 
 51  1150   86.19  69.61    3.69     16.58      0.95 
 52  1394   80.87  88.81    7.73     -7.94     -0.50 
 53  1273   81.81  78.66    4.38      3.15      0.18 
 54  1309   62.79  60.95    6.79      1.84      0.11 
 55  1074   57.50  64.58    4.69     -7.09     -0.41 
 56   977   36.95  57.15    4.69    -20.20     -1.18 
 57   783   39.16  24.84    6.44     14.32      0.87 
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 58  1041   55.44  46.45    3.66      8.98      0.52 
 59   896   81.01  52.55    4.03     28.46      1.65 
 60   943   55.55  63.93    4.28     -8.38     -0.49 
 
R denotes an observation with a large standardized residual. 
 
Durbin-Watson statistic = 2.21696 
 
Autocorrelation Function: RESI3  
 
Lag        ACF      T    LBQ 
  1  -0.110533  -0.86   0.77 
  2  -0.040428  -0.31   0.88 
  3  -0.004786  -0.04   0.88 
  4  -0.003245  -0.02   0.88 
  5   0.136041   1.04   2.13 
  6  -0.045601  -0.34   2.27 
  7  -0.105141  -0.79   3.05 
  8   0.224877   1.67   6.67 
  9   0.107855   0.77   7.51 
 10  -0.186411  -1.31  10.10 
 11  -0.047713  -0.33  10.27 
 12   0.008995   0.06  10.28 
 13   0.132114   0.90  11.66 
 14  -0.058067  -0.39  11.93 
 15  -0.142343  -0.96  13.61 
  
Autocorrelation for RESI3  
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Minitab outputs for regression model construction and verification for South Fork of the 
Holston River. 
 
 
Stepwise Regression: mjj versus T3, T4, ...  
 
  Alpha-to-Enter: 0.05  Alpha-to-Remove: 0.1 
 
Response is mjj on 23 predictors, with N = 49 
 
Step              1         2         3 
Constant    -0.3061  -64.0146  -68.9860 
 
T36           0.092     0.070     0.057 
T-Value        4.62      3.52      2.80 
P-Value       0.000     0.001     0.008 
 
T70                     0.086     0.067 
T-Value                  2.92      2.26 
P-Value                 0.005     0.029 
 
T55                               0.037 
T-Value                            2.18 
P-Value                           0.034 
 
S              26.7      24.8      23.9 
R-Sq          31.22     41.98     47.52 
R-Sq(adj)     29.76     39.45     44.02 
Mallows Cp     16.1       8.5       5.6 
PRESS       36087.4   31669.1   30055.5 
R-Sq(pred)    26.19     35.23     38.53 
  
Regression Analysis: mjj versus T36, T55, T70  
 
The regression equation is 
mjj = - 69.0 + 0.0565 T36 + 0.0371 T55 + 0.0667 T70 
 
Predictor     Coef  SE Coef      T      P    VIF 
Constant    -68.99    27.49  -2.51  0.016 
T36        0.05652  0.02019   2.80  0.008  1.288 
T55        0.03711  0.01702   2.18  0.034  1.323 
T70        0.06668  0.02947   2.26  0.029  1.272 
 
S = 23.8779   R-Sq = 47.5%   R-Sq(adj) = 44.0% 
 
PRESS = 30055.5   R-Sq(pred) = 38.53% 
 
Analysis of Variance 
 
Source          DF       SS      MS      F      P 
Regression       3  23234.6  7744.9  13.58  0.000 
Residual Error  45  25657.0   570.2 
Total           48  48891.5 
 
Source  DF   Seq SS 
T36      1  15266.2 
T55      1   5050.7 
T70      1   2917.6 
 
Obs   T36     mjj     Fit  SE Fit  Residual  St Resid 
  1   895  102.51   96.39    5.31      6.12      0.26 
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  2   626   89.86   75.37   10.92     14.49      0.68 
  3   914   45.64   87.88    3.84    -42.24     -1.79 
  4  1096  118.09  124.20    7.51     -6.11     -0.27 
  5   397   44.26   35.82   10.84      8.44      0.40 
  6  1061   68.38   81.19    6.24    -12.81     -0.56 
  7  1093  176.21  123.06    7.32     53.16      2.34R 
  8  1051   58.17   97.75    4.31    -39.58     -1.69 
  9   912   84.25   86.97    4.00     -2.73     -0.12 
 10   910   68.36   58.58    7.69      9.78      0.43 
 11  1102  117.53   90.19    5.10     27.34      1.17 
 12  1086   80.45   87.38    6.12     -6.93     -0.30 
 13   421   56.39   60.61   11.98     -4.22     -0.20 X 
 14  1115  119.31  116.26    9.39      3.05      0.14 
 15  1133  109.39  110.36    4.83     -0.96     -0.04 
 16   894   59.01   63.33    6.36     -4.32     -0.19 
 17   826   76.37   65.47    5.74     10.90      0.47 
 18  1197  111.86   94.21    7.19     17.64      0.77 
 19  1114  147.92  104.00    4.54     43.93      1.87 
 20  1064   93.77  121.59    7.45    -27.82     -1.23 
 21   855   59.45   61.57    7.25     -2.12     -0.09 
 22   772   93.21   64.11    8.59     29.10      1.31 
 23   856   74.90   85.35    4.43    -10.45     -0.45 
 24   998   56.63   90.42    3.58    -33.79     -1.43 
 25   845   80.41   78.05    4.48      2.36      0.10 
 26   998   71.28   85.30    3.85    -14.02     -0.59 
 27  1073  123.36   90.10    5.50     33.26      1.43 
 28   858   51.69   81.93    4.18    -30.23     -1.29 
 29  1142   74.33   95.88    5.20    -21.55     -0.92 
 30  1088  117.78  109.83    4.80      7.95      0.34 
 31   979   56.91   78.94    4.88    -22.03     -0.94 
 32   880   72.41   77.53    6.72     -5.12     -0.22 
 33   838   43.76   68.21    5.04    -24.45     -1.05 
 34   882   76.25   81.67    3.97     -5.42     -0.23 
 35   910   66.38   73.78    4.46     -7.41     -0.32 
 36   920  114.13  100.85    5.66     13.28      0.57 
 37  1288   81.67  112.25   10.84    -30.58     -1.44 
 38   910   62.88   71.44    8.68     -8.56     -0.38 
 39   779   51.37   73.28    6.35    -21.91     -0.95 
 40  1150  157.98  124.09    7.12     33.89      1.49 
 41  1394  125.47  126.97    9.67     -1.50     -0.07 
 42  1273  122.92  135.77    8.80    -12.85     -0.58 
 43  1309  134.42  111.02    8.70     23.40      1.05 
 44  1074   80.12  104.33    4.16    -24.21     -1.03 
 45   977   79.25   95.42    4.24    -16.18     -0.69 
 46   783   74.51   42.16    9.69     32.35      1.48 
 47  1041  117.03   97.62    8.56     19.41      0.87 
 48   896  140.76   85.85    5.74     54.91      2.37R 
 49   943   79.51   84.18    4.34     -4.67     -0.20 
 
R denotes an observation with a large standardized residual. 
X denotes an observation whose X value gives it large leverage. 
 
Durbin-Watson statistic = 2.35218 
  
Autocorrelation Function: RESI3  
 
Lag        ACF      T   LBQ 
  1  -0.177247  -1.24  1.64 
  2  -0.030102  -0.20  1.68 
  3   0.005245   0.04  1.69 
  4  -0.012388  -0.08  1.69 
  5   0.178134   1.21  3.50 
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  6  -0.040622  -0.27  3.59 
  7  -0.057470  -0.38  3.79 
  8   0.200775   1.32  6.25 
  9  -0.080047  -0.51  6.65 
 10  -0.096439  -0.61  7.24 
 11  -0.042274  -0.26  7.36 
 12   0.041170   0.26  7.47 
  
Autocorrelation for RESI3  
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Appendix D:  Regression Model Tree Ring Residuals and USGS 
Streamflow Data 
 
Table 18:  Residual Ring Width Measurements for Chronologies Used within Regression 
Models. 
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1962 901 886 1122 1095 979 824 1173 932 942 870 
1963 950 1110 908 871 880 1272 701 707 854 1058 
1964 893 916 951 914 838 927 816 757 748 926 
1965 1119 1075 971 737 882 940 1321 918 1129 1001 
1966 878 884 909 984 910 1030 932 819 938 914 
1967 1004 1116 954 816 920 957 1218 1172 1178 1115 
1968 1030 1075 875 998 1288 1019 512 1393 1172 851 
1969 971 993 1014 922 910 927 1234 542 943 1033 
1970 949 978 904 919 779 1040 813 775 992 1042 
1971 1079 1069 1100 997 1150 1031 840 1252 901 1224 
1972 1038 1342 849 843 1394 1079 1214 1384 807 987 
1973 1039 1095 1127 1094 1273 1026 1194 1270 1199 1285 
1974 1043 771 1052 1033 1309 909 796 1222 1308 910 
1975 968 905 1021 1247 1074 944 853 1130 1150 1060 
1976 983 1139 936 785 977 1254 905 1151 1210 997 
1977 826 864 1056 1018 783 990 1138 410 833 775 
1978 1095 1006 983 910 1041 839 1058 773 1009 1186 
1979 1058 1053 1111 830 896 978 1041 1169 988 912 
1980 976 1135 933 1101 943 1164 966 1049 684 914 
1981 1101 982 1025    443 1242 905 1129 
1982 959 1292 1057    1472  1129 1014 
1983 1257 1037     1315  1187 964 
1984 780 1000     1078  819 973 
1985 993 817       1210 1069 
1986 946 840       1114  
1987 1015 858       935  
1988 926 1126       723  
1989 1097 1062       1202  
1990 1113 1007       934  
1991 1051 866       817  
1992 1121 1085       1077  
1993 940        1096  
1994 1064        943  
1995 966        1144  
1996 1121        923  
1997 956        1069  
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1998         911  
1999         971  
2000         873  
2001         929  
2002         1081  
2003         758  
2004         804  
2005                 804   
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Table 19: USGS Streamflow gage data for Clinch River Tennessee in monthly average flow 
(cfs). 
 
YEA Jan Feb Mar Apr Ma Jun Jul Aug Sep Oct Nov Dec 
1919    2,06
7 
4,05
2 
1,33
9 
623.
5 
464.
9 
359.
2 
1,959 1,515 4,099 
1920 4,47
4 
3,74
9 
7,141 4,53
3 
1, 9
0 
2,37
7 
1,25
6 
3,47
4 
1,16
7 
453.8 774 3,775 
1921 3,02
4 
4,70
8 
1,914 2,17
0 
2,20
7 
734 1,50
2 
2,16
7 
6 7.
3 
436.1 1,792 3,586 
1922 4,82
2 
4, 1
4 
6,997 3,45
8 
3,92
2 
1,09
1 
1,02
6 
500.
4 
361.
1 
343.9 304.4 3,020 
1923 4,83
8 
8,39
5 
5,925 2,16
7 
2,76
9 
3, 9
1 
995.
5 
1,09
7 
780.
5 
347.9 488.2 2,374 
1924 6,04
0 
3,16
5 
3,299 2,88
5 
3,41
1 
3,27
2 
1,69
4 
647.
1 
871.
7 
1,481 793 3,344 
1925 4,96
0 
3,76
2 
1,573 1,32
4 
1,28
0 
744.
6 
494.
8 
169.
3 
148.
6 
1,041 2,177 1,006 
1926 3, 5
1 
4,66
7 
2,785 2,58
5 
1,50
8 
699 400.
5 
568.
1 
452 640.7 2,612 9,107 
1927 2,64
9 
7,00
1 
3,469 5,05
6 
3,16
0 
3,64
1 
729.
2 
1,00
2 
482.
4 
256.1 632.9 2,332 
1928 2,18
7 
2,30
6 
3,320 4,85
5 
3,53
9 
3, 1
0 
1,91
3 
1,63
9 
2,68
8 
1,184 1,450 1,298 
1929 3, 4
2 
3,38
3 
7,135 1,98
3 
6,38
2 
2,19
8 
2,05
0 
617.
2 
461.
6 
1,174 3,869 2,015 
1930 1,77
5 
3,02
9 
2,833 1,72
3 
1,35
5 
391.
2 
289.
3 
349.
8 
193.
5 
150 319.6 605 
1931 1,06
8 
1,40
6 
1,391 4,24
7 
1,89
5 
837 1,96
9 
1,74
7 
518.
7 
235.5 225.9 2,293 
1932 4,26
8 
6,86
4 
3,880 3,38
7 
2,63
9 
952.
9 
835.
7 
3 1.
4 
185.
9 
601.2 1,018 3,123 
1933 4,47
8 
6, 0
4 
3,628 1,96
3 
2,50
8 
816.
9 
630.
4 
5 9.
9 
267.
4 
163.7 193 556.7 
1934 1,21
5 
1, 0
6 
8,218 3,25
2 
744.
4 
452.
3 
399.
7 
1,15
9 
382.
1 
775.8 866.8 1,492 
1935 4,21
8 
3,36
4 
7,091 6,06
0 
3, 5
4 
1,56
7 
1,18
2 
553.
9 
258.
9 
205.2 1,185 649.6 
1936 5, 1
8 
4,93
5 
5,925 5,29
0 
720 313.
2 
990 526.
3 
652 942.5 544.4 2,953 
1937 9,50
0 
4,68
4 
2,386 1,42
3 
1,24
4 
956.
5 
804.
3 
789 634 1,984 951.7 1,543 
1938 2,60
3 
2, 5
8 
4,406 3,05
3 
2,27
3 
1,73
5 
3,25
1 
1,97
6 
632.
2 
440.5 805.7 1,533 
1939 2, 9
8 
8,13
2 
3,243 2,56
4 
974.
4 
9 8.
3 
1, 0
4 
3 6.
3 
173 146.2 159.1 216.6 
1940 2 4.
8 
1, 5
4 
2,276 3,06
1 
728.
5 
1,69
2 
9 3.
2 
2,88
3 
1,03
0 
265.8 266.6 294.7 
1941 770.
8 
571.
5 
2,320 1,76
3 
546.
9 
318.
5 
2,17
5 
5 2.
9 
326.
3 
177.7 243.6 602.3 
1942 1,04
7 
1,61
4 
3,681 776.
5 
1,85
9 
1,45
4 
2,28
0 
4,41
1 
627.
2 
984.3 1,351 4,956 
1943 3,47
7 
3,61
7 
4,512 2,80
3 
1,15
3 
1,15
4 
853.
6 
437.
9 
219.
4 
211.8 374.2 445 
1944 1,36
7 
6,02
4 
7,419 3,50
2 
1, 3
4 
592.
1 
271.
3 
324.
1 
524.
5 
1,027 786.7 2,585 
1945 3,34
7 
4,68
5 
3,172 1,59
5 
2,62
1 
2,60
3 
897.
4 
1,27
1 
647.
5 
522.4 1,201 3,427 
1946 5,58
2 
4,92
6 
2,964 1,82
3 
1,85
4 
611.
8 
877.
6 
682.
7 
332.
4 
375.8 478.2 1,191 
1947 8, 0
3 
1,54
0 
3,921 2,56
5 
870.
7 
723.
7 
900.
1 
1, 6
8 
522.
4 
279 555.9 868.2 
1948 976.
4 
6,32
0 
4,694 3,72
4 
838.
9 
557.
2 
604.
2 
550.
3 
338 214 1,508 3,726 
1949 4,13
9 
3,39
4 
3,402 2,88
4 
2,28
4 
6 6.
1 
2,77
3 
1, 4
7 
586.
1 
707 1,934 3,277 
1950 5,62
5 
8, 4
2 
3,272 1,63
1 
5,26
6 
2,60
9 
1,14
3 
1,00
4 
668.
4 
357.1 715.4 2,918 
1951 2,14
3 
4,82
6 
4,271 4,30
5 
2,08
1 
1,02
8 
742.
5 
372.
8 
577 266.4 1,768 4,334 
1952 5,41
1 
3,03
1 
5,144 2,05
0 
2,38
5 
762.
1 
401 375.
8 
264.
7 
181.3 775.4 1,450 
1953 2,58
8 
4,79
0 
3,978 1,82
5 
4,25
1 
1,32
2 
1,11
9 
271.
6 
203.
9 
148.3 173.8 332.2 
1954 3,21
0 
1,12
4 
3,232 1,78
1 
2, 9
6 
905.
6 
5 7.
4 
340.
6 
217.
7 
218.5 327.4 1,486 
1955 1,43
3 
5,14
8 
11,73
0 
2, 7
7 
1,05
7 
389.
6 
465.
2 
318.
1 
136.
2 
222.5 293 576.1 
1956 813.
8 
7,38
3 
5,401 6,33
5 
2,06
3 
858.
7 
1,18
9 
581.
3 
4 9 378.8 531.4 2,331 
1957 6,79
3 
9,42
6 
2,875 3,65
0 
758.
9 
822 360.
3 
296.
3 
570.
7 
620.3 2,171 4,663 
1958 2,134 
3,28
7 3,255 
5,60
1 
6,18
9 
826.
5 
1,22
2 
2,03
0 
440.
1 258.9 279.5 777.3 
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1959 2,59
9 
2,49
7 
2,938 4,41
5 
1,36
0 
798.
2 
340.
4 
307.
8 
290.
8 
1,114 2,458 3,567 
1960 2, 0
6 
3,48
1 
3,754 2,92
5 
849.
7 
6 9.
6 
1, 1
2 
656.
4 
417 326.5 449.7 964.7 
1961 2,31
4 
5,78
6 
4,711 3, 4
3 
2,45
0 
922 878.
8 
788.
2 
300.
4 
418.8 680.2 3,560 
1962 4,58
0 
5,53
2 
6,370 3, 6
8 
799.
5 
1,19
6 
798.
9 
586.
4 
576.
6 
413.6 2,012 2,341 
1963 2,99
6 
2,98
7 
11,95
0 
936.
2 
1,49
1 
1,03
2 
443.
9 
352.
2 
193.
3 
145.1 251.5 568 
1964 2,59
5 
2,97
6 
5,181 3,31
8 
730.
9 
612.
5 
271 292.
1 
2 2.
5 
1,921 1,479 2,958 
1965 3,94
0 
2, 4
5 
5,963 4,20
5 
1,61
3 
509.
2 
535.
1 
403 2 4.
7 
245.4 258.5 262.3 
1966 410.
5 
3,29
8 
1,952 2,36
5 
2,87
2 
369 8 5.
7 
1,99
5 
1,33
1 
1,986 2,271 3,459 
1967 2,92
4 
3,34
8 
5,755 2,12
5 
3,02
9 
2,43
1 
1,39
8 
678 257.
3 
306.5 698.9 3,868 
1968 4,07
6 
1,26
5 
3,122 2,77
5 
2,48
8 
1, 7
4 
547.
6 
872.
1 
460.
5 
314.1 661.7 1,094 
1969 1,91
5 
4, 4
7 
2,011 1,71
8 
832.
8 
1,07
4 
1,25
0 
707.
5 
2 6.
7 
190.9 358.9 2,381 
1970 3,88
7 
4,63
1 
1,642 5,24
2 
1,95
5 
464.
3 
275.
8 
513.
8 
391.
1 
362 1,275 1,677 
1971 2, 4
9 
4, 0
1 
2,781 2, 8
2 
5,10
6 
2,10
8 
1,33
3 
1,24
4 
848.
1 
2,418 1,484 1,974 
1972 7,34
2 
5,33
3 
2,490 5,36
4 
2, 7
9 
1,11
6 
1,10
6 
1,54
9 
433.
7 
2,077 1,915 6,502 
1973 1,71
7 
3,01
5 
6,597 3,55
9 
3,47
6 
1,39
1 
934.
5 
868.
3 
394.
7 
463.3 3,707 4,348 
1974 8,67
4 
4,49
6 
5,418 3,71
1 
3,50
6 
2, 3
3 
841.
7 
559.
1 
510.
4 
572 1,117 2,256 
1975 4,90
2 
5,03
8 
9,537 3,47
8 
3,35
3 
1,14
7 
592.
8 
532.
3 
1,38
4 
797.1 1,262 1,299 
1976 3,74
2 
3,47
1 
3,078 2,22
2 
774 931.
2 
411.
4 
258.
8 
326.
1 
2,668 948.6 2,372 
1977 1,76
2 
1,87
9 
3,073 8,86
0 
965 900.
5 
800.
5 
611.
2 
372.
4 
2,513 4,794 4,036 
1978 6,19
8 
1,88
4 
3,911 1,76
8 
3,19
0 
1,49
0 
1,06
8 
1, 5
5 
513.
7 
262.4 414.9 3,253 
1979 7,91
8 
5,13
4 
5,698 3,54
2 
2, 9
1 
2,62
6 
2,20
6 
919.
8 
798.
9 
959.4 2,967 1,702 
1980 4,46
2 
2,19
2 
5,105 2,84
0 
2, 0
0 
602 914.
6 
423.
9 
280 253 426.5 399.3 
1981 388 2,62
3 
1,577 2,78
6 
1,60
2 
2,49
0 
678.
8 
549.
3 
861.
6 
421.1 406.5 1,370 
1982 4,82
8 
6,27
6 
4,449 1,41
4 
1,01
3 
2,61
9 
812.
2 
664.
8 
1, 2
6 
612.7 1,662 3,742 
1983 1,79
0 
3,45
9 
1,737 4,08
4 
3,72
2 
1,54
0 
555.
2 
434.
5 
282.
3 
333.7 530.3 1,927 
1984 1,78
4 
4,56
0 
3,966 3,31
0 
5,98
6 
928.
4 
1,34
9 
511.
9 
2 4 321 864.1 1,223 
1985 2,14
5 
5, 2
0 
1,529 1,46
2 
1,06
6 
952 481.
5 
1,11
5 
337.
4 
263.3 1,461 1,773 
1986 774.
7 
5, 2
6 
2,462 710.
7 
1,70
7 
703 385.
8 
295.
2 
496.
5 
482.1 1,616 2,890 
1987 2,81
6 
4,07
4 
4,051 7,29
8 
1,44
9 
733 1,17
8 
235.
4 
322.
9 
227.8 282.9 1,118 
1988 1,98
5 
1,96
8 
989.8 1,62
6 
1,16
5 
300.
9 
239.
2 
195.
7 
522.
3 
248.2 1,156 1,221 
1989 3, 2
2 
3,57
4 
2,251 2,29
3 
4,76
1 
3,86
5 
1,47
9 
1,25
1 
2,93
9 
2,871 2,597 1,404 
1990 4,64
6 
6,75
5 
3,434 2,49
0 
4,27
3 
1,42
2 
740.
1 
521.
2 
360.
3 
862 480.7 3,244 
1991 3,26
2 
5,21
6 
5,693 2,50
7 
1,68
5 
1,68
7 
1,01
0 
814 451.
7 
261.8 804.3 6,566 
1992 2,93
1 
1,93
0 
3,417 2,01
1 
1,34
5 
1,55
3 
581.
5 
513.
8 
405.
6 
311.5 729.2 2,829 
1993 2,25
6 
3,27
3 
6,819 3,20
3 
1, 6
1 
588.
5 
3 1.
2 
365.
1 
245.
3 
269 862.1 3,272 
1994 4,56
5 
9,41
1 
7,813 4,52
0 
1,70
5 
702.
7 
743.
4 
1,45
0 
447.
3 
331.2 352.2 818.7 
1995 3,77
9 
4,25
6 
4,139 1,10
3 
3,37
2 
1,40
2 
519.
6 
267.
9 
226.
9 
311.5 1,317 1,852 
1996 6,24
7 
4,30
9 
4,577 2,90
0 
4,31
1 
1,32
1 
826.
5 
2,19
1 
616.
1 
973.4 2,483 4,982 
1997 3,98
3 
3,79
0 
6,973 2,22
6 
2,23
8 
1,76
1 
810.
7 
364.
9 
244.
9 
223.1 314.9 501 
1998 2,51
8 
4,80
3 
4,165 8, 2
3 
3,64
1 
2,75
9 
763.
7 
657.
1 
237.
1 
244 228.8 952.9 
1999 3,51
9 
1,64
7 
3,864 1,48
3 
1,24
5 
381.
4 
560.
1 
367.
4 
163 157.5 398.4 535.3 
2000 815.
6 
2,19
6 
2,260 3,24
5 
965 433.
7 
1, 3
8 
775.
3 
360.
5 
221.3 266.8 466.3 
2001 1,03
7 
2,79
0 
2,234 2,12
8 
1,70
0 
1,29
3 
2,36
3 
1,45
6 
500.
5 
269.4 218.4 558.5 
2002 3,18
7 
1,11
5 
5,457 2,42
9 
1,85
5 
465.
6 
519.
3 
244.
4 
254.
8 
414.8 2,675 3,671 
2003 1,691 
8,85
5 2,215 
5,80
4 
2,10
1 
3,32
4 
2,09
6 
1,93
7 
738.
2 397.1 3,021 3,209 
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2004 3,77
8 
3,43
7 
2,768 3,88
6 
2,07
2 
4,87
6 
1,02
7 
672.
2 
1,29
0 
900.3 2,389 4,937 
2005 2,69
3 
2, 3
1 
3,536 4,34
0 
2,48
0 
571.
8 
1,09
2 
471.
5 
190.
5 
193.6 231 636.5 
2006 2,40
1 
1,54
1 
1,359 4,50
3 
1,48
0 
923.
5 
766.
1 
549.
2 
976.
5 
1,510 2,326 1,180 
2007 2,21
9 
1,01
5 
2,598 3, 6
1 
1, 2
4 
370.
3 
394 272.
6 
1 8.
4 
136.7 200.4 316.8 
2008 1,09
0 
1,75
0 
3,279 2,46
2 
926.
6 
348.
1 
328.
2 
271.
5 
194.
5 
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Table 20: USGS Streamflow gage data for Clinch River Virginia in monthly average flow 
(cfs). 
 
YEA Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1920          174 434.2 992.8 
1921 974.
9 
1,27
4 
581.
1 
496.
3 
766.
2 
253.
7 
258.
7 
551.
4 
302.
8 
181.5 841.1 1,055 
1922 1,65
2 
1,79
1 
2,27
3 
862.
6 
1,00
7 
350.
9 
289.
8 
171.
7 
103.
6 
150.5 108.9 1,117 
1923 1,45
8 
2,86
5 
1,70
8 
547.
3 
849.
8 
2,01
6 
572.
9 
604.
8 
326.
4 
155 248.1 1,093 
1924 2,41
8 
979.
1 
1,33
9 
916.
8 
1,05
4 
1,16
7 
501.
5 
299.
4 
919.
3 
550.4 388.3 995.9 
1925 1, 6
0 
1,36
7 
535.
9 
516.
6 
491 300.
5 
165.
7 
75.5 71.5 273.6 616.2 312 
1926 910.
3 
1,63
0 
946.
2 
712.
6 
533 332.
5 
152.
8 
178.
3 
166.
1 
308.8 750.6 3,043 
1927 9 4 2,16
2 
984.
7 
1,78
0 
1,08
7 
1,30
3 
176.
7 
198.
5 
128.
2 
80.7 340.2 808 
1928 804.
2 
708.
4 
1,01
9 
1,37
2 
1,40
5 
568 330.
8 
614.
8 
872.
4 
286.8 304 221.2 
1929 884.
4 
1,27
7 
2,25
2 
554.
6 
1, 8
5 
851.
7 
556.
8 
217.
7 
138.
2 
329.1 1,045 733.7 
1930 6 4.
8 
1,05
2 
861.
8 
610.
6 
226.
9 
79.7 7 .2 109 55.3 53.8 96.6 223.8 
1931 3 1.
5 
447.
3 
549.
4 
1, 3
8 
654 305.
6 
560.
5 
674.
8 
214.
1 
104.7 94.7 622 
1932 1,21
2 
1,84
3 
1,53
4 
1,01
0 
979.
5 
348.
1 
241.
4 
142.
5 
86.8 235.2 383.8 964.6 
1933 1,49
8 
1,96
8 
1,16
3 
576.
5 
8 8.
7 
346.
4 
255.
9 
174.
8 
94.3 73.2 78.8 153.1 
1934 223.
2 
430.
9 
2,85
9 
1,33
1 
258.
5 
1 8.
2 
110.
7 
371.
3 
125.
2 
312.3 311.5 526.6 
1935 1,77
3 
1,28
5 
2,14
0 
2,25
4 
1,23
3 
563.
5 
485.
9 
202.
2 
130.
5 
101.6 591.9 259.4 
1936 2,08
0 
1,68
9 
2, 5
9 
1,69
1 
277.
7 
131.
1 
358.
9 
172.
5 
236.
6 
232.7 188.9 1,023 
1937 2,81
7 
1,47
0 
959.
3 
480.
4 
399.
1 
208.
9 
169.
2 
395.
5 
298.
5 
1,388 417.1 637.7 
1938 896.
9 
933.
1 
1,65
0 
752.
2 
754.
5 
564.
8 
972.
1 
823.
6 
308.
8 
203.6 293.5 643.9 
1939 801.
1 
2,51
0 
1, 2
2 
7 1.
9 
290.
4 
330.
2 
532.
8 
137.
1 
67 64.7 64 80.7 
1940 92.1 355.
1 
545.
6 
730.
8 
251.
6 
9 6.
7 
464 1,64
0 
349.
8 
118.4 107.1 99.8 
1941 240.
4 
206.
4 
927.
2 
723.
6 
194.
9 
141.
8 
577 179.
8 
115.
5 
68.1 80.8 174.4 
1942 267.
9 
362.
6 
1,01
9 
228.
4 
482.
2 
535.
6 
802.
1 
1,23
6 
239.
7 
490.8 622.7 1,714 
1943 1,15
5 
1,18
2 
1,49
2 
783.
3 
5 0.
5 
341.
7 
3 4 108.
7 
84.5 87.3 129.9 147.6 
1944 4 8.
1 
2,16
9 
2,08
0 
1,07
9 
425.
9 
215.
1 
102.
2 
115.
9 
157.
3 
527.5 294.2 1,161 
1945 1, 7
3 
1,46
6 
968.
1 
427.
5 
1,04
6 
907.
5 
297 372.
7 
380.
3 
252.2 488.7 1,427 
1946 1,79
0 
1,48
6 
980 623.
7 
6 9 266.
4 
218.
5 
145.
8 
106.
3 
97.5 101.7 238.7 
1947 2,60
7 
4 3.
1 
1,55
1 
868 327.
4 
185.
6 
162.
4 
704.
4 
220.
3 
115.5 181.3 221.7 
1948 236.
9 
2,04
9 
1,55
4 
1,18
6 
305.
6 
290.
6 
209.
6 
391.
6 
142.
6 
93.1 346.8 1,363 
1949 1,02
9 
1,19
1 
1,05
0 
937.
8 
830.
7 
204.
2 
695.
1 
370 190.
9 
173.5 723.7 1,066 
1950 1,76
5 
2,26
5 
1, 6
0 
542.
2 
1,63
4 
818.
7 
440.
9 
481.
8 
268.
6 
142.6 221.7 1,081 
1951 597.
1 
1,34
3 
1,49
5 
1,33
3 
834.
3 
457.
5 
219.
7 
155.
3 
241.
5 
92.6 380.7 978 
1952 1,74
3 
894.
8 
1,60
9 
792.
4 
950 241.
4 
152.
4 
126.
9 
102.
5 
64.9 243 504.1 
1953 970.
7 
1,64
6 
1,24
9 
619.
2 
1,83
9 
650.
4 
588.
3 
149.
2 
94.5 61.5 70.7 125.2 
1954 916.
5 
475.
8 
1,18
0 
768.
3 
764 320.
7 
3 2.
4 
190.
8 
117.
1 
159.8 255.3 883.6 
1955 682.
4 
2,07
6 
4,57
2 
787.
2 
355.
1 
155.
9 
223.
6 
171.
3 
6 .8 89.6 133.3 158 
1956 385.
4 
2,30
6 
1,75
4 
1,93
9 
784.
5 
358.
4 
319 186 194.
4 
206.5 220.5 695.2 
1957 2,76
8 
3,36
0 
1,10
8 
1,17
2 
285.
6 
429.
1 
178.
9 
98.3 462.
5 
364.9 778.3 1,642 
1958 898.3 
1,36
9 
1,24
0 
1,69
1 
2,25
4 
282.
8 
431.
1 
1,13
3 
181.
5 110.6 133.1 285.7 
 97 
1959 861.
5 
789.
2 
1,08
5 
1,73
6 
427.
4 
205.
3 
127.
8 
120.
9 
96.2 564.7 942.2 1,195 
1960 979.
6 
1, 1
4 
1,37
0 
1,09
8 
388.
8 
204.
7 
312.
9 
223.
2 
119.
1 
100.5 132.7 252.6 
1961 5 7.
3 
1,90
7 
1,42
1 
1,10
5 
1,11
7 
406 300.
5 
394.
2 
133 278.5 521.1 1,608 
1962 1,74
8 
1,83
2 
2,07
0 
1,05
5 
351.
6 
419.
6 
295.
2 
199.
8 
140.
9 
198.2 822 1,223 
1963 1,03
1 
1,02
0 
3,95
0 
341.
8 
312.
4 
252.
1 
137.
1 
116.
1 
81.7 61.3 182.3 211.6 
1964 779.
3 
975.
8 
1,85
1 
1,07
0 
232 136.
4 
102.
4 
107.
2 
80.3 365.1 435.9 918.2 
1965 1, 0
5 
840 1,97
3 
1,37
1 
536.
3 
154.
8 
203.
1 
136.
1 
99.6 101.5 94.1 81.5 
1966 112.
5 
1,02
1 
609.
6 
785.
1 
1,10
4 
128.
4 
367.
3 
6 8.
6 
658.
8 
823.1 902 1,403 
1967 9 4.
4 
1, 7
1 
1,77
2 
8 2.
3 
1,12
1 
879 299.
4 
1 0 96.2 131 206.2 1,134 
1968 1,37
5 
452.
5 
1, 0
9 
964.
8 
926.
7 
460.
7 
189.
2 
212.
2 
150.
9 
114.3 259.7 329.1 
1969 614.
7 
1,34
3 
6 9.
3 
644.
5 
401.
2 
314.
8 
440.
6 
264.
8 
114 76.2 112.9 793.2 
1970 1,06
8 
1,53
1 
576.
3 
1,31
8 
474.
1 
1 5.
5 
111.
8 
168.
4 
133.
8 
121.8 584.8 510.6 
1971 826.
2 
1,53
8 
883.
2 
871.
7 
1,87
4 
1,02
4 
471.
1 
535.
5 
256.
5 
776 564 449 
1972 2,48
4 
2,09
9 
862.
6 
2,12
8 
1,12
8 
580.
3 
564 904.
1 
415.
4 
1,017 631.8 2,220 
1973 625.
6 
1,08
5 
1,94
8 
1,19
7 
978.
8 
381.
9 
376.
7 
341.
2 
152.
4 
256.5 1,132 1,601 
1974 2,48
7 
1,43
8 
2,10
6 
1,26
6 
9 6.
4 
687.
1 
283.
1 
130.
3 
116.
7 
134.1 252.2 1,005 
1975 1,56
0 
1,71
4 
3,22
4 
9 1.
2 
955.
6 
460.
1 
278.
1 
289.
6 
569.
4 
229 411.6 326.9 
1976 1,25
2 
1,19
8 
823.
3 
7 6 256 292.
7 
146.
2 
108.
1 
224.
4 
1,389 354.3 891.3 
1977 607 940.
4 
842.
9 
2,38
9 
347.
7 
4 4.
3 
251.
5 
2 8.
5 
1 1.
3 
797.9 2,011 1,029 
1978 1,87
0 
625 1,50
5 
755.
2 
1,00
0 
382.
4 
529.
7 
616.
1 
172 106.1 146.4 923.4 
1979 2,62
2 
1,71
9 
1,68
4 
1, 1
7 
854 1, 8
3 
923.
5 
329.
6 
306.
2 
458 1,116 568.4 
1980 1,55
2 
748.
7 
1,58
9 
1,08
4 
920.
1 
250.
2 
372.
1 
148.
8 
100.
2 
97.2 143.1 117.2 
1981 118.
3 
7 8.
9 
580.
2 
833 905.
2 
1,01
1 
2 0.
2 
161.
7 
315.
3 
134.2 113.3 386 
1982 1,50
2 
2,07
2 
1,54
6 
470.
7 
392.
1 
1,46
1 
459 255.
7 
280.
2 
271.9 538.3 1,192 
1983 560.
4 
1,06
1 
873.
7 
1,53
8 
880.
9 
500 187.
7 
1 8.
4 
98.2 129.3 211.7 570.6 
1984 585.
4 
1,63
8 
1,40
4 
1,21
3 
1, 5
1 
326.
2 
610.
2 
234.
3 
92.2 109.9 302 413.6 
1985 862.
3 
1,75
9 
588.
7 
462 506.
4 
449.
4 
192.
5 
468.
5 
121.
8 
110.7 837.1 708.7 
1986 376.
2 
1,89
4 
931.
2 
272.
1 
759.
4 
283.
2 
187.
3 
117.
9 
162.
5 
145.6 420.1 731.1 
1987 876.
3 
1, 9
9 
1, 2
9 
3,41
4 
524.
3 
317.
6 
212 82.2 93.5 81.1 110.5 375.7 
1988 551.
2 
565.
7 
309.
4 
588.
8 
4 3.
8 
113 89.1 63.2 180.
8 
101.5 268.1 353.6 
1989 837.
5 
1,14
0 
791.
1 
654.
2 
1,65
0 
950.
5 
467 406.
8 
1,00
3 
1,149 764.9 449.7 
1990 1, 6
3 
1,90
4 
1,26
6 
992.
4 
1,86
1 
632.
2 
282.
3 
198.
5 
157.
3 
442.4 231.4 926.1 
1991 1,09
6 
1,27
2 
2,15
5 
761.
7 
738.
3 
597.
6 
302.
3 
190.
8 
146.
7 
93.2 255.8 1,828 
1992 987.
7 
700.
4 
1,20
2 
901.
5 
583.
1 
605.
1 
263.
7 
227.
8 
198.
6 
120.9 183 934.6 
1993 715.
2 
921.
2 
2,56
4 
1,06
2 
547.
5 
263.
5 
148.
5 
113.
9 
104.
6 
100.1 206.8 878.1 
1994 1,52
5 
2,68
7 
2,13
4 
1, 2
6 
679.
7 
265.
6 
2 4.
8 
386 153.
2 
140.6 127.5 214.5 
1995 1,38
0 
1,40
8 
1,28
7 
321.
6 
915.
4 
595.
5 
240.
4 
100.
1 
103.
1 
133.3 442.6 657.1 
1996 2,21
2 
1,68
5 
1,55
0 
1,00
1 
1,62
2 
407.
7 
266.
2 
556.
4 
272.
9 
504.4 1,031 1,642 
1997 1,18
4 
1,11
8 
2,11
0 
771.
7 
469.
5 
329.
2 
347.
4 
119.
8 
8 .3 67.2 99.5 124.6 
1998 739.
7 
2,46
4 
1,76
1 
2,42
4 
1,17
5 
1,30
4 
277.
5 
260.
5 
93.9 105.1 92 316 
1999 1,15
1 
511.
2 
1,49
4 
602.
6 
403.
6 
131.
1 
198.
5 
1 7.
8 
78.5 84.3 233.1 198.2 
2000 230.
8 
935.
6 
7 0.
7 
1,17
5 
319 227.
6 
647.
6 
473.
4 
192.
9 
112.1 123.6 147.1 
2001 364.
5 
815.
2 
1,00
3 
704 640.
3 
6 0.
6 
1,29
2 
510.
5 
233.
4 
127.5 103.9 171.1 
2002 1,05
1 
368.
3 
1,78
3 
814.
3 
748.
8 
230.
3 
263.
5 
107.
7 
91.5 182.9 1,040 1,323 
2003 753 
2,76
2 793 
1,71
3 
536.
6 
9 6.
6 676 
1,05
2 
265.
2 165.6 1,342 1,343 
 98 
2004 1,57
2 
1,16
1 
768 1,93
4 
1,32
8 
2,35
3 
501.
9 
424 701.
4 
574.9 926.9 1,763 
2005 1,07
8 
988.
4 
1,59
5 
1,50
6 
895.
8 
258.
2 
275.
1 
159.
9 
77.3 89.5 97 269.7 
2006 862.
5 
759.
2 
544 1,35
8 
578.
3 
395.
5 
4 2.
7 
203.
4 
339.
4 
711.9 1,020 460.5 
2007 818.
4 
5 7 1,08
0 
1,00
0 
542.
3 
166.
1 
153.
8 
107.
5 
62.8 61.8 88.3 146.2 
2008 414.
7 
545.
2 
1,19
3 
937.
2 
4 7.
3 
181.
6 
157.
5 
140.
4 
87.4 66.8 104.4 590.4 
2009 1,37
7 
647.
8 
1,16
8 
894.
1 
1,29
8 
1,11
6 
312 566.
5 
364.
4 
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Table 21: USGS Streamflow gage data for Emory River in monthly average flow (cfs). 
 
YEA
R 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1927       475.
3 
775.
5 
59.1 10.7 1,381 2,925 
1928 2,25
9 
1,28
4 
2,63
5 
3,52
0 
1,15
0 
5,89
1 
2,07
5 
682.
3 
1,12
3 
461.
5 
2,831 1,247 
1929 4,26
4 
3,96
6 
8,13
4 
1,44
4 
2,86
4 
944.
5 
630 228.
9 
311.
8 
131.
2 
3,870 1,888 
1930 1,17
1 
3,07
3 
3,54
6 
958.
9 
757.
3 
64 20.2 7.7 13.1 24.1 125.7 820.1 
1931 1, 9
4 
1,66
1 
1, 0
9 
1, 7
2 
798 54.3 69.9 90.8 22.6 2.44 5.46 3,002 
1932 3,12
7 
5,24
3 
1,10
6 
2,33
0 
812.
5 
75.4 162 177.
3 
31.8 757.
3 
1,496 3,399 
1933 3,13
4 
4,26
4 
2,28
1 
2,30
0 
1,60
5 
112.
6 
179.
3 
448.
8 
827 29.1 48.6 882.2 
1934 1,64
1 
1,10
3 
5,48
5 
1, 0
5 
562.
5 
524.
6 
351.
2 
438.
7 
54 48.2 221 426.6 
1935 1,70
5 
2,50
0 
3,27
9 
3,26
2 
1,03
8 
385.
8 
104.
6 
107.
9 
5.89 4.02 781.5 1,232 
1936 3,40
8 
1,96
0 
3, 9
1 
3,16
0 
341 16.3 48.4 30.4 23.8 84.4 434.7 3,176 
1937 7,94
1 
2,58
3 
1,31
6 
1,30
2 
1,65
1 
463.
2 
82.9 145.
2 
63 127.
3 
107.2 978 
1938 2,33
7 
1,85
3 
2,29
2 
2,31
9 
1,74
4 
1,00
6 
757.
7 
1,03
5 
40.4 5.77 175.4 573.3 
1939 2,48
3 
8,13
6 
2,69
3 
1,89
8 
605.
3 
353.
1 
88.7 91.6 10.6 5.96 0.983 42.1 
1940 177.
2 
2,09
1 
3,56
7 
2,10
7 
1,07
0 
858.
7 
246.
6 
517.
5 
212.
6 
10.4 125.1 578.2 
1941 1,02
9 
421.
9 
1,69
9 
2,48
0 
193.
7 
181.
7 
2,14
5 
125.
1 
61.3 13.4 204.7 1,242 
1942 1,39
2 
2,61
9 
3,75
5 
457.
8 
219.
2 
1 2.
7 
426.
4 
2, 0
7 
149.
8 
66.3 376.3 6,201 
1943 1,78
6 
2,74
9 
3,05
6 
2, 4
7 
655.
7 
135.
5 
114.
8 
90.2 13.4 10.2 115.6 234.4 
1944 928.
3 
5,14
7 
4,36
2 
2,48
3 
937.
9 
80.5 5.55 15.2 1,56
2 
465.
4 
815.9 1,728 
1945 2,74
5 
3,96
2 
2,37
1 
2,00
8 
3,48
4 
603.
4 
230 391.
3 
1 .7 23.3 789.4 2,682 
1946 4,12
1 
3,81
3 
2,05
2 
1,24
0 
1,51
5 
750.
3 
102.
1 
24.4 68.8 154.
1 
715.2 997.9 
1947 5,53
0 
1,22
3 
2,36
2 
1,36
6 
964.
2 
163 75.2 25.7 7.83 2.06 24.8 251.4 
1948 522.
2 
7,02
4 
3,67
2 
1,77
2 
259.
9 
43 76.6 30.3 15.6 4.62 3,497 3,821 
1949 5,99
9 
2,68
5 
2,10
5 
1,69
9 
900.
3 
162 1,18
3 
435.
8 
66.5 365.
8 
737.6 2,661 
1950 7,60
8 
5,62
2 
2,92
1 
932.
1 
2,60
0 
849.
2 
556.
3 
244.
7 
1,31
9 
63.5 496 2,254 
1951 3,29
6 
6, 0
0 
3,99
3 
3,05
8 
1, 4
0 
86.4 189.
9 
32.8 5.8 10.1 1,091 5,519 
1952 3,46
5 
1,75
7 
4,17
9 
731.
3 
338.
7 
270.
8 
16.1 11.6 3.77 1.19 12.4 350.8 
1953 2,42
7 
3, 5
1 
2,49
8 
1,69
3 
2,08
0 
212.
3 
356.
6 
34.9 2.63 0.56
8 
0.373 166.6 
1954 5,36
1 
1,43
2 
2,74
4 
1,87
0 
1,31
8 
513.
6 
23.4 11.2 0.91 37.6 20.6 3,139 
1955 1,43
3 
3,49
6 
5,75
2 
1,99
1 
632 1,00
4 
261.
5 
104.
7 
11.6 92.7 415.7 1,493 
1956 1,79
1 
6,94
8 
3,09
5 
4,02
0 
890.
4 
119 544.
5 
156.
4 
36.9 108.
2 
271.8 3,964 
1957 4,46
5 
5,39
0 
1,84
0 
2,58
2 
9 5.
4 
857.
2 
95 20.1 388.
6 
1,00
5 
6,214 3,900 
1958 1,46
5 
1,28
3 
2,28
2 
3,54
8 
2,74
5 
85.2 59.8 131.
7 
23.2 1 .4 69.3 241.8 
1959 2,27
1 
2,51
1 
2, 0
4 
2,17
7 
594.
2 
525.
6 
211 597.
5 
213.
2 
141.
2 
1,155 4,148 
1960 2,33
1 
2,81
9 
3,59
0 
1,26
8 
1, 4
1 
279.
3 
350.
1 
124.
7 
1,04
9 
860.
8 
1,046 1,537 
1961 1,90
2 
4,31
8 
4,70
0 
2,77
7 
1,22
0 
1,84
1 
593.
6 
383.
3 
37.6 14.6 295.3 3,446 
1962 4,86
2 
5,04
8 
3,78
4 
4,44
9 
140 223.
8 
152.
6 
35.3 178.
6 
423.
2 
2,020 1,442 
1963 1,17
6 
1, 5
1 
6,04
4 
518.
2 
824.
7 
244 690 215.
7 
37.4 3.59 13.1 70.5 
1964 2,16
3 
2,67
2 
4,58
7 
4,19
2 
823.
2 
263.
5 
103.
2 
365.
1 
62.5 181.
5 
410.7 2,211 
1965 2,42
8 
1,49
3 
4,94
4 
2,35
3 
742.
7 
518.
3 
740.
1 
225.
2 
99.6 98.7 127.7 153.7 
1966 669 3,33
7 
1,43
2 
1,96
7 
2,28
2 
127 103.
3 
154.
9 
117 257.
6 
1,211 2,371 
1967 1,687 
1,88
9 
3,34
3 
829.
7 
1,68
4 486 
3,69
4 573 
110.
2 
496.
1 1,709 4,696 
 100 
1968 3,45
1 
555.
1 
2,93
9 
2,35
3 
1,09
1 
383.
6 
40 19.7 3.53 8.56 19.3 366.8 
1969 1,71
6 
3,72
6 
1,22
0 
1,88
7 
1,03
2 
1,15
2 
155.
6 
34.3 25.4 48.3 311.9 4,624 
1970 1,83
7 
3,34
6 
1,69
2 
4,97
0 
576.
9 
378.
1 
58.8 681.
2 
162.
2 
578.
3 
625.8 1,532 
1971 3,27
4 
3,47
1 
2,11
4 
1,64
3 
3,08
2 
289.
7 
293 7 8.
5 
9 .3 88.2 113.4 2,340 
1972 4,24
6 
2,59
8 
3,25
3 
2,74
2 
1,10
4 
332.
8 
832.
8 
460.
8 
44.1 1,41
4 
2,370 5,325 
1973 2,55
6 
2,74
7 
5,46
4 
2, 6
2 
5,80
4 
1,97
8 
1,33
4 
377.
2 
86.9 58.2 3,596 3,792 
1974 6,71
7 
3, 2
9 
3,15
1 
1,81
3 
1,64
2 
273.
8 
39.8 59.3 475.
7 
388.
2 
1,452 3,180 
1975 3, 6
2 
3,87
8 
8,96
2 
1,44
1 
1,42
6 
414.
8 
80.4 150.
1 
1,00
1 
1,97
1 
2,091 1,907 
1976 3,10
8 
1,65
5 
2,58
2 
1, 6
6 
1,19
3 
1,16
0 
907.
2 
63.4 26.3 530 521.2 1,484 
1977 1,40
4 
1,16
3 
2,63
8 
5,80
8 
598.
2 
218.
3 
81.1 183.
6 
735.
5 
1,69
9 
4,221 2,872 
1978 3,06
8 
1,05
2 
2,71
6 
891.
7 
2,00
3 
1,16
5 
345.
7 
693.
6 
47.5 25.8 161.4 2,365 
1979 5,35
3 
3,04
7 
2,71
3 
2,99
0 
2,25
0 
917 3,57
9 
419.
7 
699.
7 
874.
3 
3,379 1,438 
1980 3,05
5 
1,00
2 
5,57
3 
1,50
5 
1,23
9 
148.
6 
18 14.2 20.1 8.97 63.8 177.2 
1981 97.8 1,62
5 
1, 6
8 
2,87
3 
469.
5 
1,10
0 
88.7 79.4 230.
8 
557.
6 
1,064 1,980 
1982 4,73
8 
2,90
7 
2,74
3 
1,17
9 
822.
8 
344.
6 
199.
1 
481.
5 
1,11
1 
170.
9 
1,555 4,394 
1983 1,21
4 
2,65
0 
1,55
3 
4,57
5 
3, 2
6 
589.
5 
55.7 2 .3 9.56 46.6 1,362 3,824 
1984 1,82
2 
1,98
9 
3, 7
5 
2,19
2 
5,77
6 
239 1,12
2 
671.
5 
41.2 614.
6 
2,151 1,626 
1985 1,50
7 
3,04
6 
945.
7 
1,17
9 
377.
4 
158.
2 
1 2.
3 
939.
6 
233.
7 
715.
5 
1,487 1,065 
1986 442.
3 
2,71
1 
1,05
7 
373.
7 
775.
2 
500.
6 
58.6 17.3 113.
1 
3 2.
7 
3,037 2,805 
1987 1,88
0 
2,53
7 
1,66
2 
2,33
1 
507.
9 
330.
1 
566 27.1 23.6 34.2 145.2 483 
1988 2,73
9 
1,18
1 
1,13
7 
1,54
0 
313.
5 
26.6 333 295.
3 
377.
8 
123.
4 
2,800 1,753 
1989 4, 5
0 
3,07
7 
3,26
1 
1,77
0 
1,11
2 
6,73
1 
1,60
3 
413.
4 
1,51
1 
1,87
6 
1,656 1,001 
1990 2,86
1 
4,41
1 
2, 9
1 
772.
9 
1,64
0 
143.
5 
80.5 200.
9 
33 156.
1 
250.2 7,938 
1991 2,22
2 
5,76
0 
5,49
4 
2,20
3 
760.
8 
7 1.
1 
198.
6 
85.4 48 25 390.1 6,675 
1992 2,82
1 
1,25
0 
1,86
0 
1,08
4 
4 5.
4 
1,22
6 
1,29
8 
697.
5 
864.
2 
471.
8 
2,410 2,863 
1993 2,44
3 
1,68
7 
5,18
3 
2,33
2 
521 102.
6 
42 20.4 27.3 23 159.6 2,782 
1994 3,82
2 
6,08
2 
5,56
3 
4,88
9 
582.
2 
7 4.
9 
1,60
5 
350.
3 
101.
4 
98.2 338 1,202 
1995 3,52
6 
2,15
8 
2, 9
7 
942 1,50
8 
408.
6 
132.
5 
90.7 56.3 937.
9 
2,038 1,464 
1996 3,97
6 
2,14
0 
3,19
7 
1,78
5 
1,94
7 
1,29
5 
115.
4 
512.
3 
338.
4 
218.
9 
2,807 4,532 
1997 3,12
0 
1,92
3 
4,57
5 
1,20
3 
1,66
9 
4,10
1 
5 0.
8 
57.7 25 36.7 241.8 753 
1998 3,90
9 
3, 2
1 
2,68
2 
5, 7
6 
2,30
9 
2,68
8 
159.
5 
246.
3 
11.4 46.3 36.9 1,505 
1999 4,28
7 
1,90
5 
2,50
7 
1,15
0 
2,13
4 
992.
5 
2,71
8 
61.3 11.2 20.2 48.8 194.1 
2000 855.
9 
1,73
3 
2,30
3 
3,39
8 
617.
7 
349.
5 
102 129.
6 
20.6 8.63 71.9 768.2 
2001 1,60
3 
4,16
8 
1, 6
3 
1,24
5 
343.
1 
1 4.
6 
191.
3 
387.
5 
52.9 29.8 184 1,300 
2002 4,95
7 
1,26
5 
3,69
5 
2,07
7 
2,00
5 
102.
9 
151.
9 
26.3 118.
3 
253.
8 
1,750 3,467 
2003 788.
7 
6,63
5 
1,07
0 
3,58
5 
5,09
1 
1,31
6 
385.
6 
333.
5 
1,21
5 
220.
1 
1,791 2,072 
2004 1,86
4 
3,69
6 
3,48
9 
1,79
0 
721.
6 
941.
1 
825.
8 
224.
6 
3,08
4 
703.
1 
2,488 5,352 
2005 2,65
5 
2,83
7 
1,19
5 
2,35
3 
1, 0
5 
141.
3 
817.
1 
511.
4 
78 34.8 336.1 974.8 
2006 3,02
9 
1,68
0 
1,46
2 
3,71
7 
586 196.
6 
47.7 163.
7 
358.
9 
344.
7 
1,461 729.5 
2007 2,11
0 
7 0.
8 
1,45
2 
1, 8
8 
1,26
6 
30 121 45.9 44.7 71.9 553 661.6 
2008 1,33
7 
2,23
6 
3,05
8 
2,22
0 
5 0.
8 
130.
9 
118.
2 
65.6 15       
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Table 22: USGS Streamflow gage data for Nolichucky River in monthly average flow (cfs). 
 
YEA
R 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1920       731.
5 
1,40
7 
1,25
3 
586.5 743.6 1,685 
1921 1,40
5 
2,77
3 
1,23
6 
1,80
0 
1,88
7 
1,00
9 
1,73
7 
2,49
7 
798 711.4 1,179 1,136 
1922 1,96
7 
2,16
8 
2,80
8 
2,21
1 
1,90
2 
1,34
3 
1,47
7 
736.
1 
464.
9 
601 383.4 1,347 
1923 1,82
7 
2,56
3 
2, 9
0 
1,34
9 
2,50
5 
1, 2
8 
1,47
4 
1,28
8 
637 418.7 421.4 979.9 
1924 2,53
4 
1,17
7 
2,48
6 
1, 6
1 
2,26
4 
1,00
9 
984.
5 
739.
2 
1,18
1 
724.6 561.9 1,280 
1925 1,78
2 
1,27
7 
857.
6 
904.
8 
1,05
9 
580.
3 
4 8.
8 
182.
3 
186.
5 
433.2 789.7 546 
1926 1, 7
9 
1,53
7 
1,49
4 
1,42
5 
815.
7 
482.
4 
661.
9 
778.
3 
498.
4 
442.8 1,270 2,014 
1927 1,27
4 
2,62
5 
2,13
2 
1,86
3 
1,26
9 
1,94
6 
836.
2 
756.
1 
565.
8 
550.4 923.6 2,176 
1928 1, 2
1 
1,21
2 
1,60
0 
2,21
7 
2, 7
5 
1,95
6 
1,36
9 
2,70
9 
2,64
8 
1,752 1,078 870.7 
1929 1,45
5 
1,89
3 
4,17
3 
1, 2
1 
2,92
1 
1, 8
2 
1,25
0 
851.
9 
1,35
3 
2,630 1,910 1,374 
1930 1,36
5 
1,29
7 
1,84
3 
1, 9
7 
1,04
4 
690.
6 
413.
6 
412.
2 
5 3.
2 
348.5 610.1 805.3 
1931 1,02
1 
749.
4 
909.
1 
2,68
1 
1,36
4 
856.
1 
999.
1 
1,32
6 
785.
8 
350 354.6 1,208 
1932 1,90
2 
2,72
9 
1,84
6 
1,74
1 
1,76
3 
749.
9 
526.
8 
423.
7 
351.
1 
1,234 1,336 2,669 
1933 2,08
3 
3,01
9 
1,52
1 
1,81
0 
2, 4
3 
846.
8 
936.
3 
856.
4 
771.
9 
393.4 412 434.4 
1934 613.
6 
7 0.
1 
2,66
5 
1,77
5 
765.
4 
1,05
0 
1,69
1 
960.
1 
651 951.7 1,144 1,457 
1935 2, 7
2 
1,48
3 
4,25
8 
2, 0
6 
1,51
0 
966.
1 
1, 4
7 
1,05
0 
936.
8 
489.5 1,039 714.8 
1936 3,66
1 
2,53
9 
3,54
2 
3,32
7 
1, 1
0 
628.
5 
592.
4 
7 0.
2 
772.
2 
1,913 779.4 1,215 
1937 3,76
5 
2,17
6 
1,36
4 
1,29
2 
1,18
2 
719.
4 
608.
1 
930.
8 
958.
4 
1,512 1,007 1,163 
1938 1,43
0 
1,94
1 
2,33
1 
1, 2
1 
1,11
1 
996.
9 
1,76
1 
1,16
8 
537.
6 
370.9 1,170 850.2 
1939 1,41
5 
3,22
3 
1,98
3 
1,36
3 
885.
2 
851.
9 
802.
6 
797.
9 
384.
7 
322.7 294.2 352.5 
1940 382.
2 
9 5.
3 
1, 9
6 
1,87
5 
800.
8 
772.
1 
1,05
5 
4,87
6 
1,33
2 
616.2 674.1 904.8 
1941 975.
1 
6 5.
2 
1,14
9 
1,14
5 
597.
4 
438.
6 
1,80
6 
539.
1 
360.
8 
251.8 335.7 606.7 
1942 552.
9 
1,11
1 
2,13
9 
797.
9 
1,58
6 
1,57
2 
848.
1 
976.
4 
1,01
2 
679.2 601.2 2,004 
1943 1, 6
5 
2,21
3 
1, 2
4 
1,70
4 
1,42
3 
951.
1 
1,40
4 
710.
5 
447.
5 
346 470.9 502.2 
1944 886.
6 
2,40
0 
2, 4
5 
1,83
3 
1,01
1 
6 4.
4 
475.
5 
420.
3 
546.
5 
1,204 798.9 1,229 
1945 1,72
6 
2,12
2 
1,94
5 
1,78
4 
2,00
4 
1,06
0 
8 1.
9 
890.
2 
1,41
3 
992.1 1,071 1,624 
1946 3,21
6 
2,55
1 
2,35
0 
1,84
8 
1,93
7 
874.
1 
743.
5 
563.
2 
381.
8 
936.3 630.7 599.5 
1947 2,73
5 
999.
8 
1,68
8 
1,57
0 
801.
4 
8 1.
9 
668.
7 
915.
5 
579.
8 
1,402 2,369 917.3 
1948 875.
3 
2, 8
5 
2,05
9 
1,93
9 
862.
7 
739.
2 
9 8.
3 
838.
8 
866.
7 
520.3 1,566 2,062 
1949 1,64
3 
1,97
2 
1,74
3 
2,13
1 
2,19
7 
1,94
9 
2,52
5 
2,14
7 
1,24
5 
1,119 1,739 1,440 
1950 2,03
5 
2,65
6 
2,44
7 
1,39
6 
1,61
8 
1,40
7 
840 592.
1 
2,36
3 
956.5 693.6 1,974 
1951 1,13
6 
1,44
8 
2,13
1 
2,28
8 
1,05
1 
1,22
6 
1,09
7 
520.
4 
416.
3 
326.5 873 1,771 
1952 1,82
7 
1, 4
5 
2,63
6 
1,72
9 
1,07
9 
597.
8 
364.
6 
386.
5 
395.
1 
261.4 494.9 629.9 
1953 1, 0
5 
2, 0
7 
2,16
0 
1,26
3 
1,20
9 
5 7.
3 
512.
3 
333.
3 
351 246.3 314.3 742.3 
1954 2,49
9 
1,16
0 
2,33
3 
1,89
8 
1,57
9 
665 455.
1 
342.
7 
234.
1 
258 447.7 832.3 
1955 677.
4 
1,85
0 
2,99
2 
2,08
2 
1,10
4 
646.
9 
7 5.
9 
1,05
6 
394 397.7 489.8 522.7 
1956 521.
5 
2,69
0 
2,00
4 
2,61
9 
1,13
9 
543.
7 
903.
6 
291.
2 
579.
8 
599.7 702 1,008 
1957 1,93
9 
4,49
4 
1,67
7 
3,72
7 
1,40
3 
2,05
1 
818.
3 
5 3.
7 
877.
2 
912.3 2,235 2,639 
1958 1,48
3 
2, 4
9 
2,01
4 
2,86
7 
2,87
1 
1,05
7 
912.
1 
844.
5 
395 416.4 472.8 909 
1959 1,58
2 
1,44
5 
1,47
8 
2,66
5 
1,37
9 
1,05
8 
716.
2 
784.
9 
1,26
7 
1,846 1,167 1,963 
1960 1,767 
3,06
0 
2,59
2 
2,87
2 
1,19
7 
898.
5 
1,30
8 
984.
8 
641.
6 715.4 562.8 641.5 
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1961 994.
5 
2,41
2 
2,02
1 
2,18
1 
1,63
2 
1,18
5 
815.
3 
1,51
6 
760.
8 
578.8 1,230 3,073 
1962 2,67
5 
2,90
8 
3,00
5 
2,49
9 
1,02
6 
1,23
5 
1,13
5 
735.
3 
543.
9 
714.6 1,380 1,297 
1963 1,17
8 
1,12
3 
5,10
2 
1,14
4 
1,72
2 
996.
3 
701 513.
9 
361.
2 
297.4 540.4 675 
1964 1,71
5 
1,47
9 
2,98
4 
2,15
0 
1,11
8 
526.
7 
620.
1 
928.
8 
853.
9 
2,550 1,254 1,648 
1965 1,64
6 
1,86
4 
3,18
1 
2,56
3 
1,39
6 
982.
2 
752.
6 
506 482.
1 
790.6 489.8 407.7 
1966 500.
8 
2,89
4 
1,41
2 
1,09
4 
1, 5
7 
704.
6 
711.
1 
998.
2 
1,04
8 
1,110 1,756 1,593 
1967 1,35
0 
1,77
5 
2,14
7 
935.
5 
1,99
8 
1,57
8 
1,27
5 
1,18
2 
711.
5 
730.9 935.1 1,769 
1968 2,25
4 
1,11
3 
2,08
9 
1,95
1 
971.
2 
1,52
2 
605.
3 
671.
2 
349.
8 
971.4 801.8 883.6 
1969 1,15
6 
2,12
5 
2,08
5 
2,01
9 
1,02
0 
1,06
5 
666.
2 
596.
1 
569.
7 
684 1,073 1,240 
1970 1,38
0 
1,60
3 
1,19
5 
2,05
4 
1,14
3 
643.
4 
604.
8 
783.
8 
397.
7 
1,048 1,334 808.2 
1971 1,27
2 
2,41
5 
1,98
1 
1,38
4 
1,49
2 
985.
7 
1,18
9 
1,54
0 
6 0.
4 
1,593 1,583 1,651 
1972 2,13
1 
2,12
1 
2,00
3 
2,59
1 
2,17
8 
2,28
9 
1,06
3 
648.
7 
468.
2 
875 1,101 1,983 
1973 1,44
7 
2,00
2 
3,63
1 
2,57
6 
2,44
4 
1,72
7 
947.
6 
893.
5 
671.
8 
725.2 1,002 2,219 
1974 2,90
2 
2,78
1 
2,54
8 
3,55
0 
2,01
2 
1,90
8 
1,27
9 
1,14
6 
1,39
0 
715.6 1,104 1,981 
1975 2,33
7 
2,68
6 
4,77
5 
1,92
0 
1,57
2 
1,40
8 
833.
4 
624.
6 
1,26
7 
1,168 1,142 915.9 
1976 2,00
3 
1,75
0 
1,24
4 
1,30
4 
2, 1
0 
1, 7
4 
1,10
6 
539.
8 
592.
1 
1,588 753 1,586 
1977 979.
5 
1,28
5 
2,98
8 
3,25
6 
1,42
0 
1,82
9 
845.
9 
800 1,39
6 
1,236 4,720 1,778 
1978 2,71
5 
1,28
6 
3,00
1 
1,79
5 
2,27
3 
1,10
0 
550.
1 
1,43
0 
654.
8 
380.4 485.5 1,295 
1979 2,64
5 
2, 6
7 
4,02
9 
3,13
2 
1,77
2 
1,53
0 
1,93
0 
790.
4 
2,59
6 
1,410 3,406 1,390 
1980 1,78
8 
1,27
3 
3,15
8 
2,96
0 
1,48
3 
1,10
6 
8 6.
7 
464.
4 
4 2.
4 
562.7 570.2 549.4 
1981 439.
1 
1,79
6 
1,28
3 
1,61
7 
1,74
8 
1,38
2 
780.
7 
395.
5 
352.
9 
319.9 346.7 665.3 
1982 2,07
0 
2, 7
5 
1,84
0 
1,19
0 
1,05
3 
764.
5 
8 8.
4 
8 1.
2 
689.
3 
646.8 1,115 1,976 
1983 1,26
1 
2,74
5 
3,66
0 
4,16
9 
2,79
8 
1, 4
1 
826.
4 
470.
9 
447.
5 
719 972.7 2,303 
1984 1,09
8 
2,67
6 
2,29
8 
2,20
8 
3,17
1 
1,03
4 
1,28
4 
806 369.
5 
364.5 596.4 623.9 
1985 741.
8 
2,16
1 
921.
1 
1,14
8 
1, 0
2 
879.
7 
775.
2 
1,35
9 
465.
9 
403.8 2,151 1,241 
1986 702.
7 
1,37
5 
1,50
3 
698.
5 
677.
3 
444.
7 
398.
2 
421 570 406 794.4 1,608 
1987 1,26
2 
1,77
5 
2,49
9 
3,65
1 
1,17
0 
868.
9 
644.
7 
298 800.
9 
321.3 659.3 899.7 
1988 1,04
2 
983.
3 
649.
1 
1,62
1 
783.
5 
375.
5 
350.
8 
262.
5 
413 360.5 604.7 470.4 
1989 1,38
2 
1,50
8 
2,28
7 
1,59
8 
2,42
5 
1,46
7 
1,36
5 
897.
5 
2,13
7 
1,889 1,670 1,530 
1990 2,46
9 
3, 3
4 
3,67
0 
1,53
6 
2,24
0 
989.
9 
776.
3 
1,24
9 
667.
9 
1,813 1,027 1,579 
1991 1,70
6 
2,52
2 
3,57
0 
2, 0
5 
1,41
2 
1,18
5 
9 2.
4 
958.
7 
578.
2 
369.5 694.4 1,456 
1992 1, 1
1 
1, 7
7 
1,98
6 
2,19
2 
2,83
2 
3,19
6 
989.
5 
1,15
9 
8 1.
5 
1,018 1,930 2,337 
1993 2, 3
5 
1,69
5 
3,88
0 
2,87
2 
1,79
5 
828.
6 
600.
8 
462.
4 
4 8.
8 
334 561.8 1,458 
1994 2,19
5 
3,02
3 
3,42
8 
3,44
5 
1,36
6 
1,38
9 
1,05
7 
2,29
5 
951.
8 
924 716.3 1,004 
1995 4,02
0 
2,79
2 
2,70
7 
1,02
0 
1,59
8 
2,04
8 
1,06
3 
1,18
0 
727.
1 
1,896 1,338 1,054 
1996 3,56
1 
2,78
9 
2,08
0 
1,92
6 
1,71
0 
1,14
3 
628.
2 
1, 7
4 
8 4.
3 
630.5 1,198 1,918 
1997 1,63
9 
1,77
1 
3,53
9 
2,08
3 
1,59
7 
1,42
4 
918.
7 
472.
1 
446.
8 
454.7 497.5 692.8 
1998 3,22
6 
4,39
0 
2,88
5 
3,59
9 
2,33
4 
1,34
4 
7 6.
9 
578.
5 
298.
4 
295 310.8 753.9 
1999 1,70
3 
1,25
3 
1,85
3 
888.
2 
1, 6
6 
686.
3 
1,30
5 
418.
9 
293.
8 
414.6 1,017 756.5 
2000 917.
2 
1,72
0 
1,70
3 
2,35
6 
1,25
1 
925.
5 
807.
8 
885.
4 
430.
8 
279.4 420.7 460.8 
2001 802.
6 
1,12
1 
1,81
0 
1,48
1 
586.
3 
604.
8 
1,02
2 
1,63
1 
724.
5 
384.2 340.9 676.2 
2002 1,87
4 
924.
4 
1,90
8 
1,33
0 
865.
7 
549.
7 
439.
6 
233.
5 
533.
2 
612.5 1,371 1,791 
2003 1,17
8 
2,81
1 
2,22
4 
3,37
1 
2,42
5 
1,65
0 
1,42
3 
1,37
0 
904.
2 
668.5 1,872 1,615 
2004 1,09
5 
1,82
1 
1,50
7 
1,89
5 
1,05
2 
1,32
1 
1,03
5 
663.
5 
6,17
0 
1,250 1,598 1,872 
2005 1,484 
1,48
4 
2,04
9 
2,72
8 
1,55
0 
1,87
5 
2,05
7 
1, 1
4 
797.
8 831.8 939.2 1,220 
 103 
2006 2,08
6 
1,58
5 
1,26
8 
2,52
7 
1,47
1 
1,30
4 
754 638.
2 
1,39
3 
817.1 1,610 1,058 
2007 1,89
8 
891.
2 
1,52
8 
1,02
3 
826.
7 
539.
4 
681.
3 
4 2 275.
8 
326.6 311.2 530.7 
2008 615.
5 
1,12
1 
1, 8
4 
951.
7 
649.
4 
436.
6 
373 726.
2 
567.
4 
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Table 23: USGS Streamflow gage data for North Fork of the Holston River in monthly 
average flow (cfs). 
 
YEA
R 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1920          60 207.3 611.2 
1921 567.
9 
719 353.
4 
290.
2 
350.
8 
153.
1 
91.5 204.
6 
99 56.9 209.7 463.1 
1922 653.
4 
626.
8 
954.
7 
443.
6 
534.
7 
259 169 74.8 49.8 76.2 57.1 583.4 
1923 571.
6 
1,36
5 
696.
9 
285.
4 
3 3.
1 
837.
3 
196.
8 
104.
1 
78.5 49 81.6 324.6 
1924 705.
3 
465 683.
8 
515.
3 
5 3.
2 
421.
5 
1 2.
4 
157.
9 
458 229.4 234.9 276.6 
1925 812.
9 
380.
3 
190.
9 
173.
5 
239.
5 
123.
9 
106.
3 
37 28.1 95.8 178.9 95.9 
1926 324.
5 
508.
7 
358.
8 
263.
1 
135.
5 
116.
1 
42.5 54.7 44.9 141.2 263.8 1,178 
1927 390.
1 
953 460.
3 
8 2.
2 
461.
9 
476.
1 
84.6 96.1 46.1 37.4 120.3 420.8 
1928 359.
3 
280 425.
8 
572.
1 
525.
1 
377.
4 
109.
8 
238.
3 
436.
5 
222.1 159.8 149.9 
1929 385.
6 
528.
8 
740.
6 
297.
7 
425.
7 
415.
3 
226.
8 
86.1 57.8 178.4 504.8 283.7 
1930 245.
8 
392.
9 
3 9 301 145.
6 
46.3 33.7 33.4 25.8 25.4 33.7 60.3 
1931 117.
6 
174 206.
3 
665.
1 
371.
9 
140.
9 
157.
4 
163.
5 
39.6 26.1 28.8 201 
1932 425.
5 
798.
3 
552.
7 
3 3.
6 
464.
8 
182.
8 
85.3 55 45.4 138.9 236.2 556.8 
1933 603 842.
3 
492.
1 
316.
9 
364.
8 
94 67.9 51.2 39.9 32.5 34.8 50.2 
1934 77.1 98 1, 1
6 
378.
7 
97.9 91.7 64.8 301 102.
7 
212.1 281.3 336.1 
1935 934.
2 
451.
7 
956.
1 
895.
9 
479.
5 
342.
5 
253 75.7 58.5 44.5 198.1 82.3 
1936 931.
4 
738.
3 
807.
3 
747 134.
7 
77.1 164.
8 
62.5 59.8 118.4 60 224.2 
1937 1,03
8 
580.
1 
317 180.
9 
1 5.
9 
86.2 60.1 85.2 94.5 683.9 186.8 284 
1938 429.
9 
359.
5 
628.
4 
388.
8 
476.
2 
383.
8 
352.
7 
214.
5 
147.
5 
72.6 113 168.4 
1939 382.
8 
786.
5 
4 0.
3 
259.
6 
116 121.
7 
112.
4 
5 .7 28 27.5 27.5 32.4 
1940 51 210.
8 
306.
7 
400.
2 
177.
5 
393.
9 
190.
5 
584.
5 
85.5 45.6 49.9 58.4 
1941 130.
5 
101.
7 
405.
1 
279.
3 
80.4 55 323.
4 
96 52 29.2 36.4 73.9 
1942 120 160.
8 
356.
8 
120.
2 
328.
6 
345.
1 
183 419.
7 
122.
3 
185.2 218.3 695.9 
1943 471 5 3.
8 
564 336.
1 
400.
9 
147.
2 
91.6 56.6 38.5 31.5 60.9 77.5 
1944 200 1,03
4 
916.
7 
483.
3 
182.
2 
81 48.9 36.7 48.3 157.5 125.3 384.8 
1945 474.
4 
603 347.
6 
2 1.
5 
768.
2 
350.
7 
118.
9 
141.
8 
149.
4 
76.9 143.6 409.5 
1946 795.
2 
656.
4 
455.
4 
341.
3 
349.
6 
105.
5 
65 40.4 32.3 31.4 38.4 72.5 
1947 958 166 573.
4 
381.
7 
1 3.
9 
79.9 64.5 276.
2 
83.5 54.4 161.3 163.4 
1948 116.
5 
814.
7 
636.
6 
4 1.
2 
185.
6 
100 88.1 196.
6 
50.8 40.1 152 583.1 
1949 393.
8 
547.
1 
391.
9 
516 4 6.
9 
142.
6 
329.
1 
210.
5 
98.4 54.6 205.9 356.5 
1950 729 891 4 8.
8 
211.
2 
760.
1 
222.
9 
192.
7 
1 5.
1 
104 69.2 80 438 
1951 258.
6 
424.
3 
617.
4 
634.
3 
344.
2 
169.
5 
98.7 83.9 106.
1 
45.3 141.1 403.4 
1952 690.
7 
346.
9 
629.
8 
260.
9 
242 78.1 43.4 37.4 28.4 25.7 67.7 127.6 
1953 324 626.
8 
654.
7 
276 727 156.
6 
208.
2 
46.7 31.7 24.9 29.5 74.9 
1954 485 177 459.
9 
298.
8 
281.
2 
68.7 1 3.
8 
51.1 38.6 51.3 86.3 347.5 
1955 233.
7 
686.
4 
1,73
5 
546 168.
3 
72.8 56.4 55 30 27.3 34.9 48.6 
1956 80.7 785.
5 
6 3.
2 
820.
6 
378.
8 
142.
7 
155.
5 
58.3 59 66.4 166 410.7 
1957 1,31
7 
1, 0
0 
4 6.
7 
7 7.
7 
169.
4 
218.
5 
94.5 48.2 122.
9 
120.4 427.4 722.2 
1958 317.
8 
562 650.
5 
713.
5 
839.
2 
116.
3 
86.5 206 43.7 35.7 48 118.6 
1959 306.1 
286.
2 377 
771.
6 
215.
8 97.7 48.5 60.7 42.2 221.7 328.3 427.6 
 105 
1960 366 516 691.
5 
504.
2 
228.
5 
79.4 122.
7 
55.9 33.3 35.1 45.6 71.9 
1961 165.
5 
860.
8 
5 5.
6 
4 1 549.
9 
470.
9 
117.
4 
157.
5 
62.8 92.5 169.7 775.2 
1962 626.
3 
757 825.
7 
373.
5 
177.
1 
149.
2 
124.
9 
83.8 50.2 60 232.4 638.4 
1963 364.
8 
289.
5 
1,53
6 
1 8.
5 
206.
2 
1 6.
3 
101.
1 
60.9 33.8 27.9 68.1 80.7 
1964 356.
4 
330.
8 
852.
1 
417.
4 
1 0.
1 
6 .8 38.8 34.3 29.4 75.9 106.3 214.8 
1965 424.
3 
398.
1 
799.
5 
599.
4 
241.
3 
87.7 76.5 95.9 40.4 45.1 36 39.4 
1966 49.9 586.
7 
309.
3 
416.
3 
478.
2 
75.4 105.
6 
169.
5 
176.
2 
280 327.7 419.6 
1967 427.
2 
456.
7 
603.
8 
325.
3 
458.
7 
377.
3 
79.7 61.2 47.9 70.1 113.7 488 
1968 583.
6 
242 4 3.
3 
460.
4 
456.
9 
206.
8 
96.8 113.
7 
41.9 54.6 110 166.3 
1969 258.
5 
588.
3 
349.
3 
335.
5 
144.
6 
103.
3 
155.
6 
105.
7 
48.5 37.9 61.4 451.1 
1970 430.
8 
465.
6 
220.
5 
5 2.
8 
201.
9 
69.4 43.2 107 45.6 49.1 178.1 265.9 
1971 360.
9 
734.
5 
349.
8 
337.
8 
760.
5 
294.
6 
90.8 196.
8 
66.5 258.8 156.9 193.8 
1972 873.
4 
806.
9 
392.
7 
7 7.
5 
438.
4 
414.
6 
226.
6 
465.
8 
300.
9 
499.5 387.9 1,085 
1973 304.
3 
551.
7 
781.
1 
538.
7 
551.
9 
271.
9 
2 3.
6 
169.
8 
70.6 118 342.5 696.6 
1974 1,14
9 
715.
6 
829.
5 
553.
3 
441.
4 
272.
1 
123.
2 
57.5 50.6 66.1 128.4 563.8 
1975 666.
8 
911.
2 
1, 2
4 
400.
8 
424 255.
1 
87.2 59.9 336.
4 
84.9 196.9 140.8 
1976 703.
5 
496.
4 
363.
7 
301 156.
5 
228 110.
1 
61.4 101.
5 
916.1 203.4 406.6 
1977 227.
7 
520.
9 
430.
4 
1,04
6 
162.
1 
221.
3 
140.
1 
58.9 93 414.6 1,077 423.2 
1978 557.
3 
1 9.
7 
814.
3 
437.
1 
481.
3 
163.
8 
9 .1 150 48.4 42.4 66.8 378.5 
1979 1,02
6 
755.
9 
7 0.
5 
409.
7 
343.
7 
537.
8 
203.
9 
104.
5 
184.
3 
194.8 414 241.9 
1980 581.
8 
288.
9 
824 432.
1 
412.
8 
102.
5 
220.
4 
56.7 45.3 48.6 65.8 64.3 
1981 53.7 2 7.
9 
249.
1 
385.
7 
666.
6 
385.
3 
81.1 50.7 83.8 58.7 59.7 215.5 
1982 646.
6 
915.
4 
677.
3 
213.
6 
127.
3 
448.
1 
218.
2 
188.
9 
75.1 93.4 289.4 506.4 
1983 209.
3 
424.
3 
494.
5 
581.
1 
360 2 4.
3 
61.2 72.3 48.6 99.1 164.6 392.3 
1984 245.
7 
802.
8 
5 7 545.
4 
723.
7 
1 4.
1 
96.5 62.7 31.3 36.1 67.5 127.6 
1985 305.
4 
671.
7 
286.
7 
228.
8 
259.
8 
1 8.
9 
53 180.
7 
34.7 38.2 359.1 274.6 
1986 1 4.
8 
703 388.
4 
133.
9 
548 133.
2 
73.5 51.5 90.3 57.5 206.1 348.6 
1987 372.
4 
536.
6 
773.
5 
1,31
1 
233.
8 
114.
4 
72.8 33.9 35.3 30.3 58.3 170.4 
1988 290.
5 
2 7.
9 
121.
2 
3 5.
9 
221.
8 
47.5 33.6 25.2 44.2 37.4 88.9 127.3 
1989 284.
5 
3 7.
4 
300.
4 
264.
4 
540.
7 
333.
5 
267.
6 
139.
4 
474.
4 
498.6 245.9 188.3 
1990 864.
3 
939.
3 
6 8.
8 
327.
2 
857.
8 
209 192.
9 
86.8 61.7 215 132.4 457.7 
1991 562.
4 
623.
4 
860.
8 
370.
5 
4 6.
7 
269.
1 
108.
2 
64.4 54.1 35.8 74.3 591.3 
1992 360.
3 
388.
8 
5 2.
1 
463.
1 
437.
6 
424.
3 
1 4.
3 
129 75.9 64.5 155.9 553.7 
1993 443.
9 
447.
7 
1, 4
7 
434.
6 
283.
7 
103.
9 
59.6 44.9 46.6 33.7 73.1 357.9 
1994 575.
5 
1,15
2 
901.
4 
716.
6 
351.
1 
9 .9 89.9 165 53.3 49.2 42.8 131.3 
1995 6 7.
3 
577.
3 
466.
6 
116.
5 
3 0.
9 
300.
6 
113.
4 
40.4 47.8 78.9 217.5 290.8 
1996 979.
9 
663.
4 
597.
5 
3 5.
8 
719.
1 
130.
7 
77.3 270.
1 
84.4 146.3 323.1 615.9 
1997 500.
9 
500.
8 
835.
1 
350.
1 
230.
9 
1 1.
2 
84.6 40.2 31.5 32.7 45.4 58.5 
1998 324.
2 
832.
2 
683.
9 
836.
9 
519.
7 
463.
2 
82.7 119.
4 
38.5 41.4 39.7 96.1 
1999 412.
2 
2 6.
4 
472.
7 
282.
3 
237.
1 
53.6 81.8 63.9 29.4 33.1 59.3 79.2 
2000 86 385.
5 
298.
2 
414.
1 
121.
5 
113.
2 
261.
2 
182.
8 
61.6 39.1 43 65.1 
2001 141.
8 
276.
2 
393.
2 
274.
8 
402.
6 
272.
9 
704 193 95.2 52.8 41.9 93.3 
2002 429.
7 
142.
9 
8 4.
6 
300 242.
3 
92.9 134.
1 
51.8 56.1 103.9 472.3 620.6 
2003 343.
1 
1,28
1 
377.
5 
672.
3 
179.
4 
452.
8 
293.
9 
351.
1 
187.
1 
95.2 734.8 576.6 
2004 476.3 
405.
4 
377.
8 
782.
6 361 
7 6.
3 
177.
9 
126.
3 240 215.8 390.4 568.6 
 106 
2005 407.
5 
411.
3 
551 475.
1 
256.
5 
141.
6 
101.
5 
53.9 30 36.5 54.1 124.3 
2006 321.
5 
276.
9 
175.
9 
404.
6 
206.
1 
151.
2 
104.
6 
55.5 85.7 260.5 308.2 183 
2007 411.
9 
188.
8 
442.
9 
355 172.
2 
67.7 48 29.5 21.1 29.5 36.2 85.3 
2008 167.
5 
232.
1 
512 352.
1 
255.
2 
75.5 43.6 50.7 29.9 25.8 34.4 196.1 
2009 5 9.
8 
262.
4 
467.
7 
458.
2 
5 1 384 97.3 346.
7 
249.
7 
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Table 24: USGS Streamflow gage data for South Fork of the Holston River in monthly 
average flow (cfs). 
 
YEA
R 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1931          130.1 106.8 466.8 
1932 689.
5 
1,24
0 
803.
4 
701.
6 
790.
4 
312.
7 
258.
6 
152.
3 
100.
5 
214.9 310.3 880.6 
1933 896 1,36
6 
702.
5 
624.
5 
781.
1 
216.
1 
194.
6 
179.
3 
104.
2 
88.8 92 123.7 
1934 151.
8 
200.
6 
1,16
2 
726.
4 
2 7.
9 
169.
4 
219.
9 
4 5.
7 
247.
3 
275.8 380 459 
1935 9 3.
7 
656.
6 
1,59
7 
1,04
3 
659.
8 
502.
8 
410.
7 
199.
4 
266.
1 
124.5 331.6 196.5 
1936 1,12
5 
1,00
9 
1,38
5 
1,04
6 
292.
6 
147.
9 
147.
8 
117.
7 
161.
5 
287 167.3 305.3 
1937 1,24
4 
886.
9 
531.
2 
3 9 454.
1 
283.
2 
173.
4 
233.
4 
343.
9 
743.4 338.9 449.3 
1938 722.
1 
701 797.
6 
604.
8 
694 568.
7 
1,07
9 
4 5.
4 
1 4.
9 
134.1 213.7 228.1 
1939 450.
1 
1,04
2 
726.
6 
466.
5 
230.
7 
231.
7 
312.
1 
199.
7 
94.1 86.8 85.3 93.6 
1940 101.
4 
317.
9 
472.
6 
502.
2 
264.
1 
354.
1 
504 1,19
3 
223 142.5 158.2 198.9 
1941 257.
6 
200.
4 
4 5.
3 
404 155.
4 
141.
6 
608.
9 
163 105.
6 
83.2 91.9 114.5 
1942 154.
7 
250.
4 
572.
2 
224 599.
5 
498.
9 
467.
3 
843.
1 
276.
9 
247 303.9 1,046 
1943 8 4.
6 
896 913.
9 
569 589.
4 
288.
6 
192.
1 
124.
2 
108.
8 
91.6 122.1 211.5 
1944 388.
7 
1,33
5 
1,15
1 
763.
2 
438.
8 
192.
1 
1 8.
8 
133.
8 
229.
8 
428.5 379.8 755.6 
1945 884.
1 
998.
8 
705.
3 
503.
3 
923.
8 
428 235.
1 
1 5 177 138.5 180.7 477.9 
1946 1,01
1 
1,01
9 
672.
4 
564.
5 
877.
3 
242.
7 
330.
2 
148 122 110.3 134.7 239.1 
1947 1,25
7 
335.
1 
766.
3 
726.
5 
3 6.
2 
235.
5 
213.
9 
365.
3 
214.
6 
169.7 437.1 239.4 
1948 266.
3 
1, 5
9 
840.
5 
6 8.
7 
303.
3 
3 0.
7 
364.
2 
501.
4 
139.
5 
117.7 256.3 784.5 
1949 6 9.
7 
742.
9 
733 884.
5 
561.
3 
194.
6 
7 5.
2 
417.
7 
214.
9 
181.1 531.9 429.8 
1950 1,03
0 
1,44
1 
808.
3 
406.
6 
947.
9 
695.
6 
3 9.
3 
219.
1 
1 9.
2 
140.5 148.7 578.6 
1951 425.
9 
584.
7 
696.
1 
925.
6 
710.
1 
308.
5 
227.
7 
148.
8 
110.
7 
96.7 182.2 587.1 
1952 888.
9 
624.
7 
804.
5 
409.
1 
489.
4 
197.
4 
103.
4 
167.
6 
88.4 76.5 151.5 248.7 
1953 675.
1 
925.
2 
873.
1 
465.
2 
608.
9 
373.
7 
258.
4 
112.
8 
90.4 83.3 87 227.5 
1954 888.
5 
379.
5 
790.
3 
669.
1 
641.
3 
208.
2 
1 4.
8 
110.
1 
79 95.3 146.2 374.2 
1955 293.
4 
968.
1 
2,07
5 
905.
2 
366 206.
9 
1 0.
5 
134.
7 
90.3 95.5 134.6 146.1 
1956 196.
2 
1, 9
9 
948.
2 
1,08
5 
542.
4 
222.
5 
302.
5 
140.
5 
159.
9 
162.3 277.1 487.8 
1957 1,49
0 
2,02
2 
555.
3 
1,14
2 
279.
4 
472.
7 
203 125.
6 
158.
6 
143.5 523.1 878.4 
1958 565.
2 
9 4.
4 
710 964.
2 
993.
2 
287.
7 
354.
9 
705 157.
5 
130.8 127.5 296.5 
1959 569.
3 
453.
2 
541.
2 
1,18
3 
350.
6 
196.
1 
141.
2 
119.
7 
115.
6 
360.1 406 726.3 
1960 575.
5 
910.
2 
930.
5 
987 408.
2 
205.
4 
373.
1 
196.
3 
113.
2 
147.3 161 221.9 
1961 3 9.
1 
1,01
4 
8 7.
3 
727.
5 
683.
5 
653.
7 
236.
8 
317 189.
9 
190.8 304.8 1,162 
1962 1,09
6 
1,14
1 
1,20
2 
703.
4 
284.
8 
283 191.
7 
154.
4 
144.
5 
132.3 421.7 715.5 
1963 5 5.
5 
454.
7 
1,74
1 
312.
4 
3 0.
3 
425.
9 
162.
3 
131.
6 
96.3 83 149.5 181.4 
1964 584.
6 
619 1,28
2 
782.
9 
269.
3 
171.
1 
142.
1 
115.
7 
96.7 473.7 306.3 482 
1965 604.
3 
671.
5 
1,05
2 
877 347.
5 
264.
1 
402.
3 
221.
8 
132.
7 
142.7 122.3 109.8 
1966 148 979 467.
9 
715 526.
8 
159.
1 
194.
4 
406.
6 
361.
3 
587.7 649.3 818.1 
1967 651.
8 
784.
3 
7 6.
5 
553 761.
8 
5 2.
8 
2 6.
7 
225.
5 
157.
5 
200.7 303.3 899.5 
1968 959.
6 
4 0.
2 
789.
2 
830.
7 
530.
5 
391.
2 
167.
7 
165.
4 
98.1 129.3 212.1 252.9 
1969 356.
5 
970.
7 
740.
5 
760.
7 
390.
8 
245.
4 
200.
8 
143.
4 
130.
3 
126.5 201.4 453 
1970 493.3 
718.
1 
502.
7 
808.
5 
410.
4 
1 6.
6 
125.
1 
181.
6 
107.
4 98.3 219.6 321.8 
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1971 544.
6 
1,04
9 
592.
1 
520 1,02
1 
656.
6 
426.
5 
526.
2 
157.
3 
228.8 294.4 357.8 
1972 801.
6 
1,13
5 
766.
6 
911.
3 
7 6.
3 
649.
8 
309.
2 
543.
5 
287.
9 
595.2 593.9 1,203 
1973 488.
3 
7 4.
6 
1,08
3 
797.
5 
8 9.
6 
475 3 1.
4 
271 155.
1 
261.1 478.1 893.7 
1974 1,43
1 
1,20
0 
922.
2 
1,13
4 
745.
5 
652.
7 
395.
2 
237.
3 
234.
8 
216.6 363.9 999.1 
1975 785.
2 
764.
8 
1,76
7 
699.
3 
506.
1 
339.
6 
2 1.
6 
186.
4 
306.
5 
190.1 246.6 291.7 
1976 890.
1 
868 441.
4 
358.
9 
290.
8 
443.
6 
324.
8 
134.
4 
1 1.
1 
717.6 305.2 674.2 
1977 390.
8 
682 860.
1 
1,36
4 
335.
7 
394.
2 
265.
2 
195.
9 
271.
3 
937.8 1,258 697.2 
1978 794.
8 
352 1, 9
4 
566.
3 
8 4.
2 
4 1 261.
4 
228.
4 
107.
8 
98.2 121.2 460.3 
1979 1,05
6 
1,02
4 
973.
5 
801 589.
8 
745.
1 
5 5 298.
8 
544 388.6 664 436.8 
1980 787.
7 
558.
4 
1,24
5 
707.
6 
543.
5 
224.
2 
287.
9 
179.
8 
143.
2 
163.9 178.8 178.9 
1981 135.
6 
611 432.
7 
789.
4 
908.
5 
703 202.
3 
152.
5 
154.
6 
128.6 135.5 344.9 
1982 959.
8 
1,16
3 
994.
8 
459.
8 
313.
1 
401.
7 
313.
5 
405.
5 
252.
7 
238.9 503.3 841 
1983 424.
5 
685.
4 
997.
5 
952.
6 
704.
2 
420.
5 
204.
4 
172.
5 
136.
1 
173.7 330.2 650.7 
1984 362.
7 
956.
2 
1,05
7 
8 3.
3 
1,16
2 
286.
5 
266.
8 
249.
6 
108.
6 
111.9 169.7 332.3 
1985 436.
4 
931.
5 
425.
8 
363.
6 
535.
5 
226.
2 
301.
6 
308.
2 
121.
8 
122.4 650.2 434.9 
1986 251.
5 
935.
6 
653.
7 
238.
2 
5 7.
9 
267.
9 
1 7.
8 
1 9.
4 
239.
5 
170.6 285.6 590.5 
1987 509 778.
4 
9 5.
8 
1,99
5 
418.
8 
238.
9 
178.
9 
103.
1 
108.
8 
89.8 138.9 288.6 
1988 393.
8 
576 227.
7 
507.
1 
317.
7 
128.
7 
100.
2 
89.6 103.
4 
101.5 210.3 231.3 
1989 548.
1 
690.
4 
653.
2 
478.
2 
840 555.
5 
412 239.
3 
790.
2 
480.8 430.9 356.2 
1990 935.
9 
1,15
4 
931.
5 
619.
7 
873.
2 
386.
1 
247.
4 
2 9.
6 
178.
1 
553.3 299.5 537.3 
1991 667.
9 
969.
2 
1,22
7 
632.
4 
507.
6 
384.
2 
198 175.
2 
150.
8 
103 179.7 656.8 
1992 542.
9 
472.
5 
7 4.
6 
719.
3 
546.
2 
792.
2 
333.
1 
293.
3 
292.
6 
231 314.5 1,016 
1993 734.
4 
545.
6 
1,45
2 
817.
8 
484.
4 
201.
8 
1 9.
8 
1 2.
1 
112.
5 
92.3 166.9 648.8 
1994 931.
3 
1,76
8 
1, 0
8 
951.
8 
563.
3 
356.
9 
315 458.
7 
162.
6 
133.3 129.9 207.5 
1995 1,00
2 
935.
7 
7 6.
8 
258.
7 
676.
5 
524.
3 
353.
6 
106.
5 
110.
5 
166.6 383.4 510.6 
1996 1,30
4 
1,07
6 
711.
1 
557.
5 
801.
8 
312.
6 
176.
2 
2 1.
3 
146 137.8 420.3 637.3 
1997 705.
1 
731.
6 
1, 6
3 
794.
1 
731.
5 
492.
4 
338 170.
4 
114.
7 
100.8 141.7 216.4 
1998 676.
8 
1,19
8 
923.
5 
1,25
3 
1,36
7 
967.
8 
307.
5 
189.
3 
111.
7 
100.7 100.5 179.7 
1999 578.
3 
403.
2 
6 9.
5 
414 554.
4 
142.
1 
189 145.
2 
110.
7 
102 160.1 205 
2000 258.
3 
536.
9 
506.
2 
797.
4 
333.
5 
290.
8 
334.
8 
276.
4 
138.
7 
96.9 100.8 112.6 
2001 253.
2 
538 602.
1 
550.
6 
426.
1 
325.
2 
698 334 162.
4 
101.4 87.8 169 
2002 506.
7 
239.
9 
777.
4 
539.
7 
4 4.
1 
163.
9 
164.
2 
108.
3 
107.
5 
194.1 680.9 808.6 
2003 492.
2 
1,49
7 
733.
3 
1,07
4 
5 2.
7 
731.
4 
814.
7 
613.
4 
331.
9 
194.7 878.9 833.3 
2004 656.
9 
729.
2 
665.
7 
9 3 562.
6 
765.
7 
355.
6 
224.
3 
561 301 505.7 666.1 
2005 540.
9 
662 8 2.
3 
832.
6 
559.
5 
287.
7 
202.
3 
141.
7 
90 113.4 154.2 279.2 
2006 582.
4 
579.
9 
405.
7 
896.
4 
509.
1 
4 6.
6 
346.
5 
189 351.
4 
354.5 606.4 298.7 
2007 573.
5 
360.
8 
6 8 594 279.
5 
188.
9 
206.
8 
116.
6 
87.5 87.6 90.6 203 
2008 279.
7 
393.
7 
710.
6 
423.
5 
379.
1 
150.
6 
121.
3 
148 90.6 72.3 97.7 300.4 
2009 786.
1 
412.
3 
546.
4 
561.
2 
751.
6 
4 4.
1 
366.
3 
594.
6 
275.
5 
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 Ross William Ogle was born in Knoxville, TN and grew up in the foothills of the smoky 
mountains in Pigeon Forge, TN.  He graduated salutatorian of Pigeon Forge High School 2004 
and entered a semester at Walter State Community College.  After a short stint at WSCC, Ross 
transferred to the University of Tennessee in Knoxville where he pursued a Bachelor’s degree in 
Civil Engineering as well as a black belt in shingitai jujitsu under Dr. Donald Tyrell.  He is the 
loving son of Ross E. and Nancy K. Ogle, and loving brother to four younger siblings.  He 
currently works at Smoky Mountain Ziplines as a lead guide and instructor.  His future intentions 
include finishing his Master’s Degree in Environmental Engineering at UTK, furthering his 
martial education, and eventually opening his own zipline construction and consulting company.    
